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FOREWORD

This document provides a summary of the existing site characteristics and environmental
data related to contamination in three off-site reservoirs: Great Western Reservoir
(Site 200), Standley Lake (Site 201), and Mower Reservoir (Site 202). The sediments in
these reservoirs contain low levels of plutonium as a result of pasgt‘,ac‘iivities at the Rocky
Flats Plant. A qualitative evaluation of the human health risk aSSoéiétcd with plutonium

contamination in these three reservoirs is provided.

This report has been prepared to fulfill the requiremer’ltsy of the draft Interagency Agreement
(IAG). The required actions for each reservoir under tlti‘e IAG are: (1) "Submit all known
and accumulated data describing, detailing.or defining contamination within the reservoir(s)
and tributaries of the reservoir(s) includi‘ﬂg,ﬂéurface and groundwater sources," and (2)
"Submit a health risk assessment docuri;ehtihg the risks derived from all potential

exposures with a no action alternative for remediation of the contamination."

The available data were céll{éétedw over several years and have not been validated in
accordance with current quali& assurance protocolsikv";;'Ho,wever, it is believed that the
validation of th"eléé'dlﬁitya would show that they are not OE:fATSﬁt’iffiéient specificity or quality to
support a rigoﬁr'bfus. ‘Qhantification of human health risks. Therefore, at this time, a
qualitative evaluafidh is provided. The ;resku‘flyts presented in this report will be used as part
of the scoping activities for the remedial inVestigation (RI) work plan to be prepared for
sites 200-202. Data that will be acquired in-the RI sampling and analysis phase will allow

a rigorous quantitative human and ecological risk assessment to be performed.
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EXECUTIVE SUMMARY

This document provides a summary of the existing site characteristics and environmental
data related to contamination in three off-site reservoirs: Great Western Reservoir
(Site 200), Standley Lake (Site 201), and Mower Reservoir (Site 202). The sediments in
these reservoirs contain low levels of plutonium as a result of pgst‘:aetivities at the Rocky
Flats Plant. A qualitative evaluation of the human health risk as"sdckiiated with plutonium

contamination in these three reservoirs is provided.

This document for sites 200, 201, and 202 of Operablye_U‘nit No. 3 (OU 3) was prepared
in response to requirements in the draft Interagency A‘gfeement (IAG) between the U.S.
Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the
Colorado Department of Health (CDH) The IAG identifies the following primary
objectives for this report: e

1. Submit all known and accumulated data descnbmg, detailing or defining

contamination W1th1n the reservoir(s) and tnbutanes of the reservoir(s)
including surface and ground water sources, and ’

2. Submit a health risk assessment documenting the risks derived from all
-potential exposures associated with a no-action alternative for remediation
* of the contamination. |

After evaluating over 30 documents containing data relevant to sites 200-202, it became
evident that it would be impractical to ap‘pend the existing data to this document. The IAG
data submission requirement is: addressed by summarizing pertinent data in Section 2.0, by
identifying specific data sources for each sne in Table 2.1, and by including a bibliography
listing general references and available documentation of data for sites 200-202
(Section 6.0). It alsq hecame apparent during the review of the data that the specificity and
quality of existingtigryifermation are insufficient to perform a rigorous quantitative human
health risk assessmer{t:: In order to utilize data in a quantitative health risk assessment, the
data must be validated, either by utilizing the EG&G Environmental Restoration Program
data validation procedure or by collecting additional samples to verify that the data are

representative. As a result, this document presents a Qualitative Human Health Risk
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Assessment (Section 4.0) which evaluates release mechanisms, transport mechanisms, and

exposure routes associated with sites 200-202.

While a quantitative risk assessment is needed to satisfactorily evaluate potential exposures
to the public, the qualitative assessment presented in this report provides information which
will enable future data collection activities (e.g. Remedial Inveﬁi‘éations) to focus on the
most significant exposure pathways. The following discussions:prdv}dc a brief summary

of the information provided in this report in support of the objectivcsnlisted above.

Sites 200 (Great Western Reservoir), 201 (Standle}}»La’ké), and 202 (Mower Reservoir)
comprise three of the four sites within Rocky Flats Plant (RFP) OU 3. The three reservoirs
are located outside the eastern boundary of the RFP. Great Western Reservoir serves as
the municipal water supply for the City of;ﬁfpb‘mﬁeld, while Standley Lake supplies water
to the cities of Thornton, Northglenn arli'd}fWéstminster. Mower Reservoir is a much
smaller, privately-owned impoundment used for agricultural purpdsgs (i.e., cattle watering

and irrigation).

Past environmental investigati’kt’)ns of Great Western“?)RéSexvoir and Standley Lake have
shown that plutonmm concentrations in the bottom sediments of both reservoirs exceed
estimated bacligiou‘hd (nuclear testing fallout) concentrations. The elevated plutonium
concentrations ar‘eA éttributed to historical éirbgrne (fugitive dust) and waterborne releases
from the RFP. These releases resulted p‘riinaiily from routine RFP operations in the 1950s
and 1960s. Pollution control measures implemented at the RFP since this time have
effectively eliminated the soitrbc of the plutonium. In addition, surface water control
measures now prevent runoff aﬁd'?effluent from the main RFP production facility from
reaching the reseryoifé, Studies to assess the impact of past RFP releases on these two
reservoirs have cdnéilﬁdéd the following:

* Routine Water quality monitoring indicates that water quality in the two

reservoirs has not been measurably impacted by the plutonium in the
sediments.

» Plutonium is the only contaminant of concern in the reservoirs attributable to
RFP releases. ‘ ‘
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* A discrete plutonium-bearing layer of bottom sediments in both reservoirs has
been covered by subsequent sedimentation. The highest plutonium
concentrations are believed to occur in the deepest areas of each reservoir.

* Plutonium’s high affinity for clay effectively immobilizes it in the sediments.
No evidence of post-depositional migration through the sediment column has
been detected.

Plutonium concentrations in Mower Reservoir have not been studied to date. Some of the
land surrounding Mower Reservoir is known to have been contaminated by airborne
particulates from the RFP. The reservoir is fed by a diversion from Woman Creek, which

flows from the RFP and is also a possible historical SOurcﬂe of plutonium in Standley Lake.

The results of the qualitative risk assessment (Section 4.0) indicate that airborne
reentrainment of exposed sediments is the; only ¢redible environmental pathway that could
impact the public. However, it is not stéible to evaluate the potential risk to human
health associated with this exposure pathway without perfori‘nting a.quantitative risk

assessment.

The 1nformat10n presented in thlS report points to the followmg additional conclusions
about sites 200-202

. The concentrauons of plutonium in the sedlments in areas of highest exposure
potent1al (i.e., near-shore areas) of Great Western Reservoir and Standley Lake
are above background, but aré below the CDH guideline for plutonium in soil
of 0.9 picocurie per gram (pCi/g) (0.03 becquerel per gram (Bg/g)). The data
supporting this conclusion, however, have not been validated.

« No data have been'collected to assess plutonium concentrations in Mower
Reservoir sediments. ‘Because general site conditions and contaminant sources
for Mower: Reservoir appear similar to those for Great Western Reservoir and
Standley Lake, it is expected that Mower Reservoir sediment plutonium
concentrations are not significantly different than those in Great Western
Reservoir and Standley Lake.

o Of the ten potential exposure pathways identified for the reservoirs, the

airborne pathway from reentrainment of exposed sediments is the only credible
pathway that will convey plutonium to human receptors from sites 200-202.
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Airborne plutonium concentrations measured by air monitors downwind of
sites 200-202 have remained well below the 0.02 pCi/m® (0.0007 Bg/m?)
standard set by CDH.

Residential tap water derived from Standley Lake and Great Western Reservoir
is routinely analyzed for plutonium. Results consistently indicate that
plutonium concentrations are well below CDH drinking water standards.

Plutonium is strongly adsorbed to the clay-rich sediments typical in
impoundments near the RFP. Studies have shown that plutonium in the
reservoir sediment columns is effectively immobilized.

It is recommended that additional data necessary to Asu‘ppo'rt a quantitative risk assessment

for sites 200-202 be collected. Additional data needs ara identified in Section 4.11. The

data will be collected during future Remedial Investigation activities. This report will

serve as the basis for the Remedial InveS~tigafi0p scoping process.
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LIST OF DEFINITIONS

Completed Exposure Pathway': The route a chemical or radionuclide takes from a source
to an exposed organism. A completed exposure pathway describes a discrete mechanism
by which an individual or population is exposed to a chemical or radionuclide originating
from the site. Each completed exposure pathway includes a source, a transport medium,

a mode of uptake, and a receptor.

Data Quality Objectives’: Qualitative and quantitative statements to ‘ensure that data of

known and documented quality are obtained.

Data Validation: The quality assurance process of revVieWing sample collection methods,
sample handling and preservation, sample documentation and analytical procedures and
results to evaluate the accuracy and reliability of data. Data are then classified as being

quantitative, qualitative, or unusable.

Detection Limit': The lowest value that can be reliably detected above the background

noise of a given analyncal mstrument or method.

Health Risk Assessment: The”assessment of chemical or radiologicai releases from a site

and the analys1s of pubhc health threats resulting from those releases.

Qualitative R1sk Assessment An estimate of the hkehhood of an adverse health effect by

analyzing both exposure and dose response data in a non-numerical manner.

Quantitative Risk Assessment: Based on cornpleted exposure pathways, probabilities that
an individual will develop cancer over a Iifetime of exposure are estimated from projected

intakes and chemical/radionuclide-specific dose response information.
Risk: A unitless probability of :aiijindividual being affected by an event.

Risk Coefficient: Forthe purposes of this document, a unitless probability of an individual

developing cancer from a chronic daily intake of plutonium averaged over seventy years.

! Definitions from the EPA Risk Assessment Guidance for Superfund (EPA 1986b).
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1.0 INTRODUCTION

This document summarizes available historical information and presents a qualitative
human health risk assessment for sites 200 (Great Western Reservoir), 201 (Standley Lake),
and 202 (Mower Reservoir) of RFP OU 3 (Off-Site Releases). OU 3 is unique among
Rocky Flats operable units in that it is located outside the RFP boundancs These
reservoirs have been the subject of numerous environmental studlcs and monitoring
programs aimed at determining the extent to which each has been impacted by releases
from the RFP. The RFP is owned by the DOE and cdntfactor—operated by EG&G Rocky
Flats, Inc., as a nuclear weapons research, development and production complex. The RFP
is situated on 6,550 acres (2,653 hectares) of federal property 16 miles (26 kilometers)

northwest of downtown Denver, Colorado (Figure 1-1).

In addition to the three reservoirs, OU 3 alSd‘includes site 199 (Contamination of the Land
Surface). Site 199 is the subject of a Remedy Report which was submltted to EPA and
CDH for review on October 26 1990 ",

1.1 PURPOSE AND OBJECTIVES 2
The purpose and obJectlves of this report are derived pnmanly from the draft IAG between
the CDH, the EPA and the DOE (EPA, 1989a) The IAG identifies the following primary

objectives for this report:

1. Submit all known and accumulated data describing, detailing or defining
contamination within the reservoir(s) and tributaries of the reservoir(s) including
surface and ground water sources, and

2. Submit a health risk assessment documenting the risks derived from all potential
exposures -associated with a no action alternative for remediation of the
contamination.

After evaluating over 30 documents containing data relevant to sites 200-202, it became
evident that it would be impractical to append the existing data to this document. The IAG
data submission requirement is therefore addressed by summarizing pertinent data in

Section 2.0, by identifying general references and specific data sources for each site in
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Table 2.1, and by including a bibliography listing available documentation of data for
sites 200-202 (Section 6.0).

The specific objectives for this report are listed below and are based upon these two

primary objectives of the draft [AG:
o Describe reservoir site physical and chemical charactériétips
s Provide a synopsis of environmental studies conducted to date at the reservoirs

+ Formulate a conceptual model for contaminant fate and transport from the
Ieservoirs :

« Cite evidence to support or invalidate the conceptual model for each reservoir

» Provide a preliminary qualitative health risk assessment for the reservoirs,
focusing on a no-action alternat‘ive

o Identify additional data necded to support a quanutatlve nsk assessment for each
TEeServoir. o -

1.2 REGULATORY BACKGROUND o
The current iteration of the IAG (August 1990) groups Ind1v1dual Hazardous Substance
Sites (IHSSs, or s1tes~) at the RFP into sixteen Operable Units (OUs), one of which is OU

3. OU3 formei'ly,was designated OU 10. -The present REP OU system has emerged from
public comment and redevelopment of thé, IAG, which has increased the number of OUs

from ten to sixteen and changed their relétiv~e order of priority.

The basis for the scope of work for investigation and remediation of RFP OUs is the IAG,
which specifies an approach tallored to the particular requirements of the RFP. All
response activities- ’pegformed by the DOE under the IAG are to be consistent with
applicable requircinéxi{té ’of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), the National Contingency Plan (NCP), the Resource Conservation
and Recovery Act (RCRA), the Colorado Hazardous Waste Act (CHWA), and pertinent
EPA guidance documents, and the National Environmental Policy Act (NEPA).
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Great Western Reservoir is used as part of the municipal water supply for the city of
Broomfield, while Standley Lake provides water for the cities of Westminster, Thornton
and Northglenn. Federal and state water quality standards applicable to drinking water
supply sources are monitored at these reservoirs through routine sampling and analysis.
Local governments participate in public review of RFP plans and proposals as part of their
involvement in decisions about RFP activities which may impact;Gv‘rkéa‘t Western Reservoir
or Standley Lake. Mower Reservoir is a much smaller, privately owwnédfimpoundment used
for agricultural purposes (i.e., cattle and irrigation). Although not a;ctively monitored,
Mower Reservoir water quality is governed by CDH water quality classification and
standards for the South Platte River basin (CDH, 1990b)

1.3 REPORT ORGANIZATION

The remainder of this report is organized into the following sections:

o Section 2.0 provides a discussion of site characteristics and history, and
summarizes environmental studies conducted to date at sites 200, 201, and 202.

» Section 3.0 provides a description of the site conceptual model used in the
qualitative human health risk assessment. .

e Section 4.0 provides a qualitative human health risk assessment, including
identification of data needed to conduct a quantitative human health risk
assessment.

» Section 5.0 provides conclusions and recommendations.

s Section 6.0 provides a bibliogr’aphy' and references.
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2.0 SITE BACKGROUND AND DESCRIPTION

The RFP fabricates metal components for nuclear weapons from plutonium, uranium,
beryllium, and stainless steel. Support activities include chemical recovery and purification
of recyclable transuranic radionuclides, and research and development in metallurgy,
machining, nondestructive testing, coatings, remote engineering, c‘he‘mistry, and physics.
These operations generate nonhazardous, hazardous, radioactivek, ayndlmixed radioactive
waste streams (DOE, 1987). The 400 acre (162 hectare) main production facility of the
RFP is surrounded by a 6,150 acre (2,491 hectare) buffef zone which delineates the RFP
boundary (Figure 1-1). ¢

The three OU 3 reservoirs are outside the eastern boundary of the RFP (Figure 2-1), 2 to
4 miles (3.2 to 6.4 kilometers) from the méih production facility, and are downgradient and
generally downwind of the plant. Each of thése reservoirs has received some of its water
from drainages flowing from the RFP during the operating histofy.of the plant. Surface
water control measures now pre'\?ent flow from the main production f;acilyikty from reaching

the reservoirs.

Environmental studies conducted to date of Great Wes‘terh‘ Reservoir, Standley Lake, and
off-site reaches of Walnut and Woman Creeks have investigated the aquatic environment,
sediments, and/or water quality in the resérx}oirs and drainages. Often several of these
topics are addressed within the scope of a single study. Most of this work has focused on
the presence and concentration of transuraﬁic elements, primarily plutonium. Routine water
quality monitoring is conducted by a number of agencies at Great Western Reservoir,
Standley Lake, and streams discharging to the reservoirs. The RFP also monitors water
quality in effluent diééharged from the plant. The results consistently indicate that the
water quality standards set forth for effluent from the RFP in the RFP National Pollution
Discharge Elimination System (NPDES) permit are being achieved, and that nonradioactive
contaminants from the RFP have not measurably impacted sediment and water quality at
the reservoirs. Sections 3.0 and 4.0 are based upon the conclusion that radionuclides

(specifically plutonium and its decay product, americium) are the only contaminants of
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concern in Great Western Reservoir and Standley Lake as a result of releases from the
RFP. In the absence of site-specific data, the conclusion that radionuclides are the only
contaminants of concern is applied to Mower Reservoir, since the mechanisms for any
RFP-related contaminants to enter Mower Reservoir are likely to be similar to those for the

other reservoirs.

The following sections summarize available information about site c:b'n’ditions, ownership
and usage, past environmental investigations, and current water quality rﬁonitoring for each
of the three reservoirs. Most of these data have not been validated and may not be of
comparable quality owing to different methods of ,/sample collection and analysis.
Information cited in the following sections will be used to support the Conceptual Model
of Contaminant Fate and Mobility in Section 3.0, the Qualitative Human Health Risk
Assessment in Section 4.0, and the Concldsions and Recommendations in Section 5.0. It
became apparent during review of the existing data that the specificity and quality of these
data are insufficient to perform a rigorous quantitative risk asses?sfncnt. In order to utilize
data in a quantitative health' risk assessment, the data must be ‘,Vailidated as being
"quantitative," either by usirig EG&G data validation procedures or byi collecting additional
samples to verify that the data are representative. Because the existing analytical data are
of unknown quality and are not being used to suppo:rt,a'quantitative human health risk
assessment, these. data are not specifically cited in this report. Table 2.1 lists available
documents contaihiﬁg relevant analytical data for the three reservoirs, as well as documents
summarizing the results of routine air qUaIity and water quality monitoring at and near the
RFP. This table is keyed to the Bibliography and List of References in Section 6.0.
Studies listed in Table 2.1 and Section 6.0 contain analytical data to support their
conclusions. While many of thes’e conclusions are presented in this report, the reader
should note that the iinderlying data may not meet current EPA, CDH, and DOE quality

standards.
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2.1 GREAT WESTERN RESERVOIR

2.1.1 Location and Description

Great Western Reservoir (IHSS 200) is located approximately 1.5 miles (2.4 kilometers)
east of the RFP’s eastern boundary in Sections 6 and 7 of Township 2 South, Range 69
West (T2S, R69W) (Figure 2-1). The reservoir is owned by the city of Broomfield and is
utilized solely for the city’s municipal water supply. Public acCgﬁSs to Great Western

Reservoir and the surrounding area is restricted (Broomfield, 1990).

Pre-construction information for the Great Western Reservoir site was not given in
available references. The original reservoir was builtin 1904 as an irrigation water supply.
The dam has been enlarged on several occasions, most recently in 1958. The present
maximum height of the dam is 69 feet (ft) (21 meters (m)) (Hydro-Triad, 1981). The
present reservoir volume is 3,250 acre-feet'(401 hectare-meters). The bottom and sides of
the reservoir are unlined, meaning that the réser\)oir may be hydraulically connected to the

ground water system in the area (Miller, 1990).

The U.S. Army Corps of E‘ngkiynkéers utilized data from two existing“b‘(')reholes near Great
Western Reservoir as part of ka 1989 evaluation for a‘surface water interceptor system for
the reservoir.‘,I"n' these boreholes, alluvium surficial deposits are underlain by Arapahoe
Formation bedrdck at depths of 5 and 16 ft (1.5 and 4.9 m). Bedrock consists of
interbedded sandstone, siltstone and claysione and dips slightly to the east (Corps of
Engineers, 1989). The Arapahoe Formation avérages 250 ft (76 m) in thickness in the area,
and is underlain by several hundred feet (approximately 100 m) of shale comprising the
upper portion of the Laramie Formation (USGS, 1976). It is expected that a similar

stratigraphic sequence underlies Great Western Reservoir.

Great Western Reservoir is fed primarily by Clear Creek via Lower Church Ditch (USGS,
1980). Until recchtly, the reservoir also received influent from the north and south
branches of Walnut Creek, both of which flow from the RFP. The two branches merge into
a single drainage within the RFP boundary (Figure 2-1). A nonradioactive release at the

RFP in 1989 prompted construction of a Walnut Creek diversion, known as the Broomfield

RFPamo.200 6 11/05/90



Diversion Ditch, just west of Great Western Reservoir. Walnut Creek flow from the RFP
is now treated and diverted around Great Western Reservoir into the drainage below the
reservoir outlet, where it combines with outflow from the reservoir. This effectively
prevents runoff from the RFP main production facility from reaching Great Western
Reservoir. Walnut Creek continues below Great Western Reservoir and eventually

discharges into Big Dry Creek several miles downstream from the r’fc&ervoir (USGS, 1980).

Within the RFP boundary, the North and South Walnut Creek drainagek‘s contain the A and
B-series holding ponds, respectively. In North Wainut Creek, there are four ponds
designated A-1, A-2, A-3 and A-4, from west to east (Figure 2-1). Ponds A-1 and A-2 are
used only for spill control, and North Walnut Creek stream flow is diverted around them
through an underground pipe. Pond A-3 receives North Walnut Creek stream flow and
runoff from the northern portion of the RFP.. Po_nd A-4 is utilized for surface water control
and for overflow from Pond A-3 (Rockwcll,: 1988).

Five retention ponds located along South Walnut Creek are designétékd]’Bk-l, B-2, B-3, B-4
and B-§, from west to east (Figure 2-1). Ponds B-1 and B-2 are reserved for spill control.
Pond B-3 receives. treated effluent from the RFP sanitary' sewage treatment plant. Ponds
B-4 and B-5 rcbeive surface runoff from the central part of the plant and routinely receive
discharge frorh an’d‘B-S. Pond B-5 also-collects overflow from Pond B-4 (Rockwell,
1988).

From the opening of the RFP in 1952 ’th:rough approximately 1979, water containing
decontaminated process and ldundry effluent was discharged through the B-series ponds to
South Walnut Creek (Rockwell,' 1988). Cooling tower blowdown and treatment system
steam condensate werév discharged to the A-series ponds, which feed into North Walnut
Creek. These disck:h’argés contained low levels of radionuclides which accumulated in the

sediments of the holding ponds, Walnut Creek, and Great Western Reservoir (DOE, 1980).

The EPA concluded in 1975 that historic releases of contaminants from the RFP to Great

Western Reservoir resulted primarily from the following activities (EPA, 1975):

RFPamo.200 7 11/05/90



¢ Early operational practices at the plant (1950s and 1960s)

¢ Reconstruction of the holding ponds between 1970 - 1973, which resuspended
pond sediments and released some of this material to Great Western Reservoir

®

A 1973 tritium release from the RFP (Section 2.1.2.2)

Airborne transfer of radionuclides (primarily plutonium),~

2.1.2 Environmental Investigations

The following is a chronological summary of environmental studies conducted to date of
Great Western Reservoir and off-site reaches of Walnut Creek. Reports associated with

these studies are incorporated by reference into the bibliography in Section 6.0.

2.1.2.1 Reservoir and Drainage Sediments

Extensive sampling of bottom sediments in Great Western Reservoir was conducted by the
EPA in September 1970. The results invd$icated that a layer of sediment containing
plutonium above the EPA estimated baseline level of <0.1 picéclflrie;i)er gram (pCi/g)
(0.0037 becquerel per gram‘(Bq/g))A is present in the bottom of the reservoir (EPA, 1973).
EPA attributes the estimated baseline concentration of plutonium to worldwide fallout from
nuclear weapon‘s: testing. The Walnut Creek inlet areé.f and the central section of the
reservoir (leadAiri’g_to the dam inlet) contained the greatest amount of plutonium. The
lowest concentratibns were found in the south arm, the shoreline area between the south

arm and the dam, and the western portion: of the north arm.

EPA resumed their investigation of plutonium in surface water sediments east of the RFP
in September 1973. This phase of the study further documented plutonium concentrations
in Great Western Reservoir. Sediment samples collected both by dredging and coring
indicated that plutonium above expected baseline concentrations was present over almost
the entire bottom of Great Western Reservoir. The study attributed the plutonium to
releases from the RFP.k The maximum plutonium concentration detected was approximately
40 times the <0.1 pCi/g (0.0037 Bg/g) estimated baseline concentration. The greater
concentrations were found in the upper (younger) sections of the cores. The results

confirmed the areal distribution of plutonium delineated by the 1970 study, except that the
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highest concentrations were found in the deepest areas of the reservoir rather than in the
Walnut Creek inlet area. It was also observed that plutonium-239 concentrations in the
uppermost sediment layer increased significantly in the three years between the two studies.
This increase was traced to an influx of sediment resuspended from the RFP holding ponds

during pond reconstruction activities (EPA, 1975).

The 1973 EPA study also sought to confirm the estimated plutoniuyr’rkli’bkascline (background)
level by sampling sediments from Front Range reservoirs believed to hbé unaffected by the
RFP. Two dredge samples were collected from Cherry Crcek Reservoir, two from Marston
Lake, and five from Ralston Reservoir. With one exécption, analysis of these nine samples
yielded plutonium-239 levels well below 0.1 pCi/g (0;0037 Bqg/g), substantiating EPA’s
estimated baseline concentration of 50.1’ pCi/g (0.0037 Bq/g) (EPA, 1975).

In 1974, Battelle Northwest Laboratories féonducted an investigation of radionuclide
concentrations in reservoir and. stream sediments near the REP. «Thie results indicated that
levels of plutonium-239, :plutonium-240 and americium-241 in tt‘hbs;sjekdiments of Great
Western Reservoir and streams flowing into the reservoir exceedéd "baseline levels"
(presumably the EPA baseline Of <0.1 pCi/g (0.0037 Bg/g). Total inventories of plutonium
and americium in reservoir sediments were estimated at 244 millicurie (mCi) and 73 mCi
(9.02 and 2.7 GBq);'respectively. Cesium-137 levels were at or below expected baseline
concentrations. Age-dated sediment cores collected during this study from Great Western
Reservoir demonstrated two separate periods-of plutonium deposition, 1968-1969 and 1959-
1964. Both periods coincide with recorded, controlled waterborne releases from the RFP.
Worldwide fallout from atmospheric nuclear weapons testing may also have contributed to
the plutonium in the 1968-1969 sediment layer. An additional finding was that decay of
naturally-occurring radium-226 in surface and domestic waters near the RFP represents a
much greater relaﬁvé contribution to public radiation exposure than does plutonium
released from the RFP (Battelle, 1974).

Also in 1974, Colorado State University (CSU) conducted a study of plutonium in aquatic
systems of the RFP environs. This study concluded that the clay fraction of RFP sediments
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has an extremely high affinity for plutonium and, left undisturbed, provides an excellent
retention mechanism for plutonium in the aquatic system. Laboratory studies related to this
investigation showed that the adsorption of plutonium by the sediments was rapid and
essentially irreversible (CSU, 1974).

The RFP aquatic environment was also studied in 1975 by Dow ‘Chemical Company.
According to this study, plutonium in surface water impoundménts is not readily
transported from the impoundments. Consequently, the majority of thé’i)lutonium released
through RFP surface waters has been contained in ‘thek on-site holding ponds. The Dow
study also confirmed that concentrations of plutonkium -above EPA’s estimated baseline
levels were present in Walnut Creek sediments and in the sediments of Great Western
Reservoir. Plutonium concentrations in the creek sediments increased downstream,
suggesting downstream migration of plutorjiﬁm:,released at an earlier time. The highest
plutonium concentrations in the reservoir sediments were found near the Walnut Creek inlet
and along the dam, where the highest sedimentation rates occur. The Dow study concluded
that releases of plutonium from the RFP waste treatment plants coinei'déd with periods of

high suspended solids in the'inﬂueht from the creek and holding ponds (Thompson, 1975).

Rockwell Intemational conducted a two-phase investigation of transuranic elements in the
sediment on thcA‘Grcét Western Reservoir overflow spillway in 1979 - 1980. It was
determined that sediinents ranging in dgpth from three to nine feet had accumulated on the
spillway in the fourteen years prior to the studiés. Levels of plutonium-239, plutonium-240
and americium-241 in spillway sediment samples were near regional baseline
concentrations. Plutonium concentrations did not exceed the 0.9 pCi/g (0.03 Bg/g) activity
screening level adopted by the CDH for soil. Plutonium and americium concentrations
varied little with depth. This finding supported the conclusion that spillway sediments
were deposited thrdﬁgh a combination.of hillslope erosion, wave action and sediment
mixing, rather thanvthic continuous lacustrine deposition typical of the reservoir bottom
deposits (Rockwell, 1979; Rockwell, 1980).
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Sediment samples were collected from over 60 locations within Great Western Reservoir
during a 1983 Rockwell International study. Sedimentation rates based on core samples
were determined to vary from approximately 0.5 - 0.75 inches per year (infyr) (1.3 - 1.9
centimeters per year (cm/yr)), with the higher rates in the eastern, deeper portion of the
reservoir. The study confirmed that plutonium occurred in a distinct sediment layer
corresponding with historical releases from the RFP. It was concluded that sediments
contaminated with plutonium in Great Western Reservoir had beeh c"i)Vered by subsequent
sedimentation, and that no evidence existed of post-depositional migfation of plutonium

through the sediment column (Rockwell, 1988).

2.1.2.2 Reservoir and Drainage Water Quality

Surface water quality in North and South Walnut Creeks and in Great Western Reservoir
has been monitored since 1951 (RockWeﬁ, 1988). Analytical results for transuranic
elements, ions, metals and organic compounds are maintained by CDH, the City of
Broomfield, and the RFP, and are available through the CDH Roéky Flats Program Unit.
Studies of surface water qﬁality,conducted since 1951 have reported ’tf‘ansuranic element

concentrations well below EPA.dr‘inking water standards.

A 1973 EPA study concluded that plutonium and uranium levels in water samples from
Great Western Réservbir and Walnut Creek were essentially at baseline concentrations of
<0.03 picocuries per liter (pCi/l) (<0.001-Bg/l) (EPA, 1973).

An accidental release of tritium in 1973 from the RFP into Walnut Creek and Great
Western Reservoir was the focus of another EPA study. EPA estimated that the release
resulted in a total committed dose of 4 millirem (0.04 millisievert) to the average
individual using the reservoir as a source of drinking water. EPA found that this dose had
minimal impact oAn«:p{;’blic health and did not recommend any mitigative actions (EPA,
1974). N,

In 1974, Battelle conducted an investigation of radionuclide concentrations in reservoirs,

streams and domestic tap waters near the RFP. Plutonium-239, plutonium-240, and
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americium-241 levels in Broomfield tap water were substantially below EPA National
Primary Drinking Water standards of 3,700 dpm/l (62 Bq/1) for plutonium and 33 dpmy/1
(0.55 Bg/l) for total long-lived alpha activity (Battelle, 1974).

Dow Chemical concluded in 1975 that, within the limits of sampling and analytical
variation, reservoir and domestic water radiological contaminan(ts'near the RFP were

essentially at background levels (Thompson, 1975).

The DOE published a final environmental impact statement for the RFP in 1980. Water
samples were collected from several water bodies in the vicinity of the RFP, including
Walnut Creek and Great Western Reservoir, for analysiswof radionuclides. Tap water also
was sampled in nine nearby communities.. Plutonium and tritium concentrations in these

samples were lower than the EPA standards for.drinking water (DOE, 1980).

A 1981 Rockwell International report compé.red gross alpha and plutonium levels in Great
Western Reservoir water and Broomfield drinking water with levels.in other local water
bodies and drinking water supplies. All comparisons (with the excebtion of plutonium in
Ralston Reservoir) showed levels of these analytes in regional water to be greater than or
similar to those in Great Western Reservoir and Broomfield drinking water. This report
stated that, withikn;thcylimits of analytical uncertainty, no transuranics were present in RFP

area waters prior:td construction of the plant in 1951 (Rockwell, 1981).

The most recent available set of compiled and summarized surface water quality data is
presented in the 1988 RFP annual environmental monitoring report (Rockwell, 1989).
During 1988, maximum concentrations of plutonium, americium, uranium, and tritium in
area drinking watets,"‘and in samples from the Walnut Creek sampling station on the RFP

east boundary, were' below EPA and State of Colorado drinking water standards.
The City of Broomfield samples Walnut Creek immediately east of the RFP on a monthly
basis and tests for eight VOCs. An automatic sampler at the same location collects a

composite water sample each week for gross alpha and gross beta analysis. Weekly
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samples also are collected by Broomfield from Walnut Creek below Great Western
Reservoir and analyzed for gross alpha and gross beta. Water entering the Broomfield
water treatment plant from the reservoir is monitored monthly for eight VOCs. Treated
Broomfield tap water is also monitored weekly for gross alpha and gross beta, and monthly
for eight VOCs (CDH, 1989).

The CDH monitors ground water in wells within the RFP along t‘he‘éiiistcm plant boundary
on a quarterly basis. Samples from these wells are analyzed for seléétcd metals, VOCs,
inorganic compounds, and radionuclides. CDH sampled ‘a, number of private wells east of
the RFP approximately three years ago, but does not roﬁtinely monitor ground water quality
outside the RFP boundary. CDH also conducts qua'rterly sampling of Great Western
Reservoir for selected herbicides, pesticides, metals, base neutral acids (BNAs), and
radionuclides. Broomfield water treatmét;tﬂ;plam; influent from Great Western Reservoir is
analyzed weekly by CDH for selected radionuélidcs (CDH, 1990b).

2.2 STANDLEY LAKE

2.2.1 Location and Description

Standley Lake (IHSS 201) is a large reservoir lbcya‘ted approximately 2 miles (3.2
kilometers) southeaSt of the RFP’s eastern boundary (Figure 2-1) in Sections 16, 17, 20,
21, 22, and 28; TZSZKR69W. Uses of the reservoir include water supply and recreation.
The reservoir has been owned by The Férmers Reservoir and Irrigation Company of
Brighton, Colorado since its construction between 1909 - 1919, Although the dam has
undergone periodic maintenance and reconstruction, most recently in 1978, Standley Lake’s
present volume of 43,000 Acre-feet (5,300 hectare-meters) has remained relatively
unchanged since its construction. Approximately 67 percent of the reservoir water is used
as municipal water supply for the cities of Westminster, Northglenn and Thornton. The
remaining 33 percéxii 1s ’transported through irrigation ditches to agricultural areas northeast
of the lake, primarily between Broomfield and Fort Lupton. Standley Lake receives
approximately 95 percent of its water from Clear Creek via an irrigation ditch, but is also

fed by Woman Creek flowing from the southern side of the RFP (Farmers, 1990).
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A geologic characterization of Standley Lake was performed by Mineral Systems, Inc. in
1982 to provide data for the enlargement of the dam and reservoir. Bedrock outcrops at
various locations around the lake consist of claystone with interbedded sandstone lenses,
probably of the Arapahoe Formation. These units dip gently to the northeast. Overlying
the bedrock are surficial deposits consisting of a series of alluvial terraces, colluvium, and
minor other deposits (Hydro-Triad, 1982). No faults have been idehtified in the area. The
Arapahoe Formation averages 250 ft (76 m) in thickness in the areé,_apd is underlain by
several hundred feet (approximately 100 m) of shale comprising the upper portion of the
Laramie Formation (USGS, 1976). It is expected ,that"a similar stratigraphic sequence

underlies Standley Lake.

Within the RFP boundary, the Woman Creek drainage contains the two C-series holding
ponds, Ponds C-1 and C-2 (south and eaét of the main production area, respectively)
(Figure 2-1). Pond C-1 receives flow from Woman Creek. This flow is diverted around
Pond C-2 and into the Woman-Creek channel downstream. Pond C-2 receives surface
runoff from the South InterceptokriDitch along the southern side of theiR'FP main production
area (Rockwell, 1988). Pond C-2: water formerly was discharged into the Woman Creek
drainage in accordance with the National Pollution Dis‘cha’u‘ge‘ Elimination System (NPDES)
permit for the RFP, Under a recent agreement bétWeen the RFP and the City of
Broomfield, watér is now pumped from Pond C-2 into a treatment facility, then through
an aboveground pipeline to the Broomfield Diversion Ditch, where it is discharged in
accordance with an amended NPDES perrhii. The discharge agreement with Broomfield
is effective through 1990 (Mende, 1990). These surface water controls effectively prevent

runoff from the RFP main prdduction facility from reaching Standley Lake.

Radioactive materi’als‘ feleased from the RFP may have been transported to Standley Lake
through surface water A(‘primarily in suspended sediments) and/or airborne particulates
(fugitive dust). BetWécm 1952 and 1973, the RFP discharged water treatment facility filter
backwash into Pond C-1, which discharges into Woman Creek. At present, only collected
runoff and natural ground water seepage flow into the Woman Creek drainage (Rockwell,
1989).
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2.2.2 Environmental Investigations

The following is a chronological summary of environmental studies conducted to date of
Standley Lake and off-site reaches of Woman Creek. Many of the studies conducted at
Great Western Reservoir (Section 2.1.2) also included Standley Lake. Reports associated

with these studies are incorporated by reference into the bibliography in Section 6.0.

2.2.2.1 Reservoir and Drainage Sediments

The EPA sampled bottom sediments from Standley Lake in 1970. The results indicated
possible areas of plutonium contamination above the estimated <0.1 pCi/g (0.0037 Bg/g)
baseline concentration in the deeper areas of Standley Lake. EPA attributes the estimated
baseline concentration of plutonium to worldwide fallout from nuclear weapons testing, and
concluded that elevated plutonium in Standley Lake resulted from unspecified releases from
the RFP (EPA, 1973). B '

EPA resumed their investigation of plutonium in surface water sédiments east of the RFP
in 1973. Analysis of Standley Lake sediment samples yielded two plutonium detections
above estimated baseline concentrations, but failed to confirm the 1970 finding of possible

contaminated areas within the reservoir (EPA, 1975)‘, '

During a 1974 'ihvcstigation of radionuclides in the sediments of reservoirs and streams
near the RFP, Battelle Northwest Laboratories collected a single sediment core from
Standley Lake. This sample contained plutonium-239, plutonium-240, and americium-241
above EPA estimated baseline levels. Based upon this single core sample, Battelle
extrapolated total plutonium and americium inventories for Standley Lake sediments at 60
mCi and 18 mCi (2.2 and 0.74GBq/g), respectively. The sample also suggested that
cesium-137 levels in Standley Lake sediments were typical of atmospheric fallout baseline
levels. An additiorzélifinding was that decay of naturally-occurring radium-226 in surface
and domestic watersk néar the RFP represents a much greater relative contribution to public

radiation exposure than does plutonium released from the RFP (Batelle, 1974).
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Studies of plutonium in the aquatic systems of the RFP environs in 1974 and 1975
concluded that: (1) plutonium rapidly and almost irreversibly attaches itself to clay
sediments (CSU, 1974), and (2) plutonium in surface water impoundments does not move
very far or very rapidly through subsurface waters, meaning that the majority of the
plutonium released through RFP surface waters has been contained in the on-site holding
ponds (Thompson, 1975). g4

The DOE in 1978 correlated a sediment core from Standley Lake to kak 14-year period of
time, which was then used to determine when plutonium entered the reservoir. It was
concluded that plutonium concentrations in the sedimcntks have exceeded baseline levels
since 1966, peaked in 1969, and have declined after 1969. The report attributed 70 percent
of the plutonium in Standley Lake to releases from the RFP and speculated that this
plutonium was transported both by soil efoéion within the lake drainage basin (i.e. surface

water) and by airborne particulates (DOE, 1978).

Rockwell Internationai conductcd ‘a study of Standley Lake sediméyn’ts; ’i’n‘1984 to evaluate
plutonium concentrations and to compare the results with previous 4work. The findings
corroborated those obtained by the EPA and Battellke,,‘ ?;‘md; indicated that plutonium had
remained belon f{EPA,estimated baseline levels of 50'.1 pCi/g (0.0037 Bq/g) since these
earlier studies were cbnducted. The report also concluded that plutonium contamination
in Standley Lake sediments had been burileydy by subsequent sedimentation, and that post-
depositional migration of plutonium through the sediment column was not evident
(Rockwell, 1984).

In 1989, the CDH analyzed various species of fish collected from Standley Lake to
determine if they were safe for human consumption. The fish were analyzed for selected
metals, radionuclidé's A«‘(including plutonium-239, plutonium-240, and cesium-137), and
priority organic pollutants. No radionuclides were detected in the fish; however, low
concentrations of cadmium, mercury, selenium, and the pesticides DDT, DDE, DDD, and
malathion were detected in some or all species. The report stated that the source(s) of

these contaminants was indeterminate, but that none of them were unique to the RFP. It

RFPamo.200 16 11/05/90



was concluded that the contaminants may have originated from a variety of sources in the
watershed, including water diverted from Clear Creek, which contributes 96 percent of the
influent to the lake (CDH, 1990c).

2.2.2.2 Reservoir and Drainage Water Quality

The quality of surface water in Woman Creek and Standley Lake has been monitored on
a regular basis by the RFP and the CDH. Studies of Standley Lake Water quality to date
have indicated that transuranic element levels are below EPA standards for drinking water.
Transuranic element concentrations are below detection limits in Westminster drinking
water. Numerous publications list the results of analysé:s for transuranic elements, ions,
metals, and organic compounds, but little of this information has been comprehensively
reviewed, evaluated, and summarized. The most recent available set of compiled and
summarized surface water quality data is pres"cmaed in the 1988 RFP annual environmental
monitoring report (Rockwell, 1989). The mdst current data are available through the CDH
Rocky Flats Program Unit and the City of Westminster Radiatidij*Data,Monthly Monitor
Report. | ‘ S

A 1973 study by the EPA concyluded that plutonium and uranium levels in water samples
from Standley Lake WCre essentially at baseline concentrations of <0.03 pCi/l (0.001 Bg/l)
(EPA, 1973). | |

Battelle Northwest Laboratories analyzéd Sténdley Lake water as part of their investigation
of radionuclide concentrations in reservoirs, streams and domestic waters near the RFP.
Plutonium-239, plutonium-240, and americium-241 concentrations were above detection
limits but below the EPA National Primary Drinking Water standards in Standley Lake
water. These radionuclides were below detection limits in Westminster drinking water
(Battelle, 1974).

The final environmental impact statement for the RFP published sample analytical results

from several water bodies in the vicinity of the RFP, including Standley Lake, and from
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tap water sampled in nine nearby communities. Plutonium and tritium concentrations in

these samples were less than the EPA standards for drinking water (DOE, 1980).

The Cities of Northglenn, Thornton and Westminster each monitor raw water influent from
Standley Lake at their respective water treatment plants for VOCs, gross alpha and gross
beta. Westminster also monitors treated (tap) water for gross 1'a1pha and gross beta.
Woman Creek is sampled immediately east of the RFP boundary ‘oncué .each month by the
City of Thornton and analyzed for 59 VOCs. Another location along Woman Creek is
sampled weekly for gross alpha and gross beta analysis.” Standley Lake water is sampled
monthly near the Westminster treatment plant inlet and analyzed for 59 VOCs. Water is
also sampled monthly near the Standley Lake dam at siXdifferent depths and analyzed for
gross alpha and gross beta (CDH, 1989).

The CDH monitors ground water in wells withih the RFP along the eastern plant boundary
on a quarterly basis. Samples from these wells are analyzed for selected metals, VOCs,
inorganic compounds, and raQiénuclides. CDH sampled a number ofz pri;/ate wells east of
the RFP approximately three'years" ago, but does not routinely monitor ground water quality
outside the RFP boundary. CDH also conducts quarterly sampling of Standley Lake for
analysis of selyec'ted herbicides, pesticides, metals, BNAs,f and radionuclides. Westminster
water treatmentrpl'antzinﬂuent from Standlcy Lake is analyzed weekly by CDH for selected
radionuclides (CDH, 1990b). |

2.3 MOWER RESERVOIR

Very little documentation exists‘for Mower Reservoir (IHSS 202), a small, privately-owned

impoundment located just southea‘st of the RFP in Section 18, T2S R69W (Figure 2-1).
The reservoir is fed byVWoman Creek via an irrigation ditch that originates within the RFP
boundary (USGS, 1980) Mower Reservoir is used for agricultural purposes, primarily
cattle watering and irrigation, and fluctuates in capacity depending upon water supply and
demand. It covers an area of approximately 9 acres (3.6 hectares) and is roughly 50 ft (15
m) deep at its deepest point. Mower Reservoir is located on land which was the subject

of a lawsuit against the RFP by several landowners, alleging contamination of the land
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surface by releases from the plant. Part of this land has been designated IHSS 199 and is
the focus of a Remedy Report which was submitted to EPA and CDH for review on
October 26, 1990.

The geological setting at Mower Reservoir is inferred to be similar to that described for
Great Western Reservoir (Section 2.1.1) and Standley Lake (Sectibn 2.2.1). Surficial
deposits ranging from 10 to 30 ft (3 to 9 m) thick consist of allkliviyum_along ridge crests
and colluvium on drainage slopes. The underlying Arapahoe Formafibn is composed of
claystone with interbedded sandstone lenses. The Arapahoe Formation averages 250 ft (76
m) in thickness in the area, and is underlain by several hundred feet (approximately 100

m) of shale comprising the upper portion of the Laramie Formation (USGS, 1976).

Studies conducted to date of reservoirs neat the RFP have not specifically addressed
Mower Reservoir. Environmental investigations of the surrounding land (IHSS 199) have
concluded that the primary source of contafnination (chiefly plutohium) at IHSS 199 was
airborne particulates from the RFP It is expected that Mower Re’set‘vo{r{ received similar
amounts of plutonium through airborne transport as the nearby land surface. Plutonium
concentrations measured in 1987 in surface soils around Mpwer Reservoir (Rockwell, 1987)
averaged several tiniés lower than those measured in Gfeat Western Reservoir sediments,
and several timeS‘higﬁer than those measured in Standléjl Lake sediments. Because it is
fed by Woman Creek, Mower Reservoir ma'y,also have been affected by surface water
contaminants believed to have contributed to plutonium levels in Standley Lake sediments
(Section 2.2.2). Surface water in the Womah Creek drainage is controlled by the C-series
holding ponds (Figure 2-1). If‘has been speculated that concentrations of radionuclides in
Mower Reservoir sediments should not exceed levels measured in Great Western Reservoir
and Standley Lake (DOE, 1986).

2.4 OTHER RELEVANT STUDIES

Several proposed or ongoing investigations within the boundaries of the RFP may produce
data which is relevant to the OU 3 reservoirs. Although investigations at on-site OUs have

progressed to varying stages of completion, most are in the initial assessment stage.
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Investigations of Woman Creek (OU 5) and Walnut Creek (OU 6) will help to determine
whether these drainages wére pathways for off-site contamination which might eventually
have reached Standley Lake and Great Western Reservoir. Studies of surface soil
contamination in the eastern part of the RFP as part of the ongoing investigation of RFP
OU 2 may elucidate the role of wind in transporting contaminants to.the OU 3 reservoirs,

particularly Mower Reservoir.

In 1988, the Colorado School of Mines (CSM) presented a proposal k‘té the RFP to study
radionuclides in the sediments of Colorado Front Range lakes which had not been affected
by releases from the plant (CSM, 1988). As a result of this proposal, a study was
conducted for the RFP by CSM of Halligen Reservoir é‘nd Wellington Lake, located north
of Fort Collins, CO and southeast of Bailey, CO, respectively. The objectives were to
more firmly establish baseline radionuclidc éoncentrations due to atmospheric fallout so
that "excessive" values could be operationéuy defined, to compare sedimentation rates for
the "background" reservoirs with those for reservoirs near the'RFP, and to determine
whether radionuclides were fsubject to any post-depositional biOiur,b‘ation. The study
determined that plutonium concentrations in the sediments of the two reservoirs peaked at
0.19 +0.02 pCi/g (0.007 +0.00074 Bq/g), and proposed this value as a baseline
concentration fc’)kr“plutonium in Colorado Front Range :reseyrvoirs (CSM, 1990). This level
is somewhat higﬁer‘ than EPA’s estimated plutonium béSeline concentration of <0.1 pCi/g
(0.0037 Bg/g). It should be noted that thé CSM study was presented to the RFP in May
1990, and has not yet been formally reviewed by the RFP or published for the scientific

community outside the RFP.
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3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY

Utilizing the information obtained in past studies (Section 2.0), a conceptual model of
contaminant transport and exposure pathways for sites 200-202 is presented here for use
in the evaluation of the potential risks of reservoir contamination to,l}uman health (Figure
3-1). For an exposure pathway in the conceptual model to be considéred complete it must

contain the following components:

» Contaminant Source: The primary current source area is the plutonium-
contaminated reservoir sediments of sites 200-202. Plutonium from sites 200-202
could be released to air, ground water, surface water, or biota. Each of these
media can subsequently become a secondary source for further releases.

» Contaminant Release Mechanism: Potential release mechanisms for plutonium
from the reservoir sediments include resuspension into air, surface water runoff,
infiltration/percolation into ground water, and biotic uptake. The conceptual mode

‘identifies both primary release mechanisms (those mechanisms which release
contaminants directly from the source area) and secondary release mechanisms
(those mechanisms’ which release contaminants from secondary media
contaminated by the source area). W W

o Transport Media: Once plutonium is released it can be transported within
transport media to exposure points. The transport media can be air, ground water,
surface water, or biota. Behavior and fate of plutonium in these media is
important relative to exposure routes and receptors. The conceptual model
identifies both primary transport media (the media in which contaminants exist at
the source area) and secondary" transport media (those media in which
contaminants are transported away.from the source area).

« Exposure Route: Any point of potential contact with a contaminated medium is
an exposure point. Exposure routes are determined according to the media
contaminated and the anticipated activities at the exposure points. Exposure route
can be by ingestion, inhalation, or dermal contact.

» Receptor: The receptors are individuals potentially exposed to contaminants at the
exposure points.

The conceptual model kprovides an overview of all the potential exposure pathways that
may result from releases from and/or into each transport media. Some of these pathways
have a greater exposure potential than others. Significant pathways which are common to

each reservoir are identified in Section 4.0 by evaluating the fate and mobility of the
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contaminant in each potential media that is included in the conceptual model. Reservoir

specific pathway issues are then discussed in Section 4.8.
The various elements of the conceptual model are explained in the following sections.

3.1 HISTORIC SOURCES

As described in Section 2.0, contamination attributable to releases frofn{ the RFP has been

documented at Standley Lake and Great Western Reservoir. Environmental investigations
conducted to date have determined that the only ,cont‘aminant from the RFP above
background levels in these reservoirs is plutonium (DOE,‘ I§80). These investigations have
further concluded that the plutonium was introduced to the reservoirs as a result of
historical RFP releases, and that subsequent controls placed on release pathways within the
RFP have effectively prevented further releases to the reservoirs. Ground water quality
monitoring along the eastern boundary of the RFP indicates that ground water has not been

a pathway for contaminant migration to the reservoirs.

3.2 SOURCE AREA CHARACTERIZATION

Plutonium fate and mob111ty in the waters and sedlments which constitute the primary

transport medla at s1tes 200-202 depend on the physwal and chemical properties of the

media and the plutomum

At the Eh and pH of typical environmental éonditions, plutonium (predominantly plutonium
dioxide) is virtually insoluble in water. The solubility product of plutonium ranges from
102 to 10" (Allard et al., 1983), indicating that plutonium will not exist as a true ionic
species in water. Plutonium soinbility and subsequent mobility may increase in the
presence of dlssolved orgamc matter, carbonate, fluoride, nitrates, chlorides, or other
complexing agents m ‘the water. Typically, however, plutonium attaches to particulate
matter (suspended sol;ds) by electrostatic attraction and remains tightly bound to these
particulates in water. Therefore, the great majority of any plutonium occurring in reservoir
waters will be adsorbed onto suspended solids in the water. Sediment load is the main

water transport mechanism for plutonium under virtually all environmental conditions.
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In stagnant impoundments such as holding ponds and reservoirs, suspended solids gradually
settle out of water to form bottom sediments. It has been shown that clay-rich sediments,
such as those in sites 200-202, have an extremely high affinity for plutonium, effectively
immobilizing it in the sediment (CSU, 1974). While it is possible that elevated
concentrations of complexing agents combined with a relatively high percolation rate
through the sediments might mobilize the plutonium, no evidence Qof:plutonium migration
in the sediments has been detected (DOE, 1980). Ay

Density stratification of lake waters in summer result,svi{n e,reducing environment in deeper
water. Under reducing conditions, the distribution coefficient of plutonium, which is the
ratio of concentrations in soil (or sediment) to concentrétions in water, may be three to
tenfold lower than under typical reservoirgc'dnditions, meaning that plutonium mobility may
increase slightly. The magnitude of this iriefeaSe is not significant, however, in terms of

overall plutonium mobility (ANL, 1986).

Based upon the conceptuaﬁzation':of plutonium chemistry in the e~x§§)firenment presented
above, nearly all of the plut(l):nium“ in sites 200-202 isuexpected to be adsorbed to clay in
bottom sediments.. Studies cited in Sections 2.1.2 and 222 have indicated that the
plutonium in Great Western Reservoir and Standley Lake occurs in a discrete sediment
layer in each reservkolr which has been buried by subsequent sedimentation. The highest

plutonium concentrations appear to exist in'the deepest areas of the reservoirs.

3.3 RELEASE MECHANISMS AND EXPOSURE PATHWAYS

As shown in Figure 3-1, potentialf,release mechanisms and transport media can combine in

a variety of ways to transport contamination from the reservoirs to human and other biotic
receptors. These ,reflke?gse mechanisms and exposure pathways are potential, and their
identification here 1snot meant to imply that they will occur or be significant at the
reservoirs. The coxitaiminant source characterized in the preceding section is a semi-
consolidated mass buried in the sediment of each reservoir, and is not readily available for
release into the environment by any of the mechanisms described below. Probabilities of

occurrence are discussed in Section 4.0.
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Direct contact with contaminated reservoir sediments or consumption of water containing
contaminated solids are two obvious pathways. Direct contaminant uptake by aquatic
plants and animals might also occur. Once biotic receptors have been affected, the
contaminants can move up the food chain to human receptors. Biotic uptake of plutonium

is addressed in Section 4.5.2.2.

Movement of contaminants by wind is possible where affected éedirﬁepts are exposed to
air, or if wind speed is sufficiently strong to strip water droplets cc;x‘itaining suspended
solids from the surface of the reservoirs. Affected sediii;,ents in drainages are unlikely to
contain a significant fraction of fine materials which Vm'ig‘htk be mobilized by wind. A more
conceivable scenario is wind transport of exposed reservoir sediments when the water level
falls during dry periods and/or periods of high water demand. The amount of contaminant
released would depend in part upon the depfh;,:aijcqbl extent, and concentration of plutonium
in the sediments. Plutonium released into thc air could be inhaled directly by receptors or
could affect downwind soil and/or plant surfaces as settled dust. Plants growing in affected
soils might then incorporaté‘c(ohtaminants into their biomass. Humans, livestock or other

animals could in turn be afféc_fed by consuming these plants.

Resuspension~-76£ ‘Cdni‘aminated sediments by wave actidri‘,kbott’om-dwelling organisms, lake
turnover (i.e. de}lsify convection currents), or high runoff might increase contaminant
concentrations in Teservoir water. Watéﬁrk",'discharged from the reservoirs into surface
drainages may be used for drinking wa{ter’ pf irrigation, be utilized or ingested by nearby
plants and animals, or recharge the grou"ﬁd water system. Irrigation water, obtained
directly from the reservoir or’ from downstream, could affect the crops, soils and ground

water where it is applied.

Intermittent or conunuous infiltration into the ground water system may occur from surface
water impoundments*& drainages. Depending upon the physical and chemical nature of
the sediments and water, infiltration through contaminated sediments can leach plutonium
down to the water table. Although this scenario is conceivable, its likelihood of occurrence

at sites 200-202 is remote because of plutonium’s virtual insolubility in water and strong
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adsorption to clay sediments. If, however, the

plutonium does enter the ground water

system, it may be transported away from the source area through ground water flow.

Because of its high typical distribution coefficient, plutonium would not be expected to

migrate very readily in ground water (ANL, 1986).

In some environments, however,

plutonium has been shown to bind to colloidal particles which are unaffected by the forces

that normally act to retard plutonium movemen
migrate significant distances through ground
Contaminant pathways from affected ground wat
surface water. Ground water may be utilized f

water wells), may be transpired by plants, or ma

t through groundyﬁ‘water systems, and to
1990).

er are similar to those outlined above for

water flow (Penrose, et al.,

DT public water supply or irrigation (i.e.

y eventually recharge into surface water.

Filtration of influent water at water treatment pla nts effectively separates most suspended

solids from the water. Any plutonium sorbed o

nto these particles will therefore also be

removed. The nature and fate of sedlments removed from reservoir water in treatment

plants must therefore be considered in order to

mobility in the reservoirs. . - -

completely adarfess plutonium fate and

Water from Great Western Reservmr is filtered

at the Broomfleld water treatment plant.

The filters are routlnely backwashed into a setthng lagoon at the plant. Accumulated

backwash sludge 1s penodlcally removed from the lagoon and analyzed for a variety of

parameters, mcludmg plutonium, pnortod;spesai.

sludge above background levels in pastk‘ analyses.

Plutonium has not been detected in the

Sludge was last analyzed and removed

from the lagoon approximately five years 'a”go (Broomfield, 1990). Filtration of Standley

Lake influent occurs at the Northglenn Thornton

and Westminster water treatment plants.

Discussions with personnel at each of these facilities indicate that filter backwash sludge

has not been analyzed for plutonium or gross alpha activity.
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4.0 QUALITATIVE HUMAN HEALTH RISK ASSESSMENT

A qualitative human health risk assessment for sites 200-202 is presented in this section.

The objectives of this assessment are fo identify exposure pathways which may pose a

significant threat to human health, and to identify iadditional information needed to perform
a quantitative assessment. The qualitative assessment identifieksﬁtyhe plausible exposure
pathways and qualitative risks which are common to each reservdir b’aée,d on the no action
alternative (baseline risk assessment). Additiq%nal factors which aré specific to each

reservoir are then discussed.

At the time of this report, the specificity and quality of kéx’isting data for sites 200-202 are
insufficient to perform a rigorous quantitative hliman health risk for the site. Due to the
inherent uncertainty of qualitative risk assés‘sinéqt, it will not be possible in this assessment
to compare the relative risks of the no aé:ibn scenario for the three sites; however, the

media-specific pathways, routes-of uptake, and potential human fe@ieptors are the same for

all three sites. Because the plutonium deposited

characterized for sites 200-2025‘,';it is not possible

the three sites. A quantitative risk assessment can

with the EPA Risk ‘Assessment Guidance (EPA,

All of the data reviewed (see Section 6.0 for ali
is the only contaminant of concern at sités 200-20
releases. Media-specific analyses of other radi
americium-241, have not been 'peljformed for thes
at sites 200-202, they ‘woulvd 1iké:1y,;exist in small
statement is based onltrhc ratios of Pu/Am in the v

The initial historic ratio of Pu/Am was 15:1.

in the sediment hasﬁ_;hot been adequately
to calculate a risk éoefficient for any of
not therefore be developed that complies
1989b).

st of references) indicate that plutonium
2 that can be attributed to RFP historical
onuclides present at the RFP, such as
se sites. If these radionuclides do occur
quantities compared to plutonium. This
veapons grade materials handled at RFP.

As a result of the radioactive decay of

plutonium-241 and sﬁbéequent ingrowth of americium-241, it is likely that the current ratio

is closer to 5:1 (DOE, 1988). Because americium
as plutonium (ICRP, 1979), determination o}

accomplished for a quantitative risk assessmen
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concentration in the reservoirs are incomplete and not definitive, its contribution to this
qualitative assessment cannot be addressed. However, since the plutonium/americium ratio
is 1:0.2 and the internal hazard ratio is approximately 1:2, a simplifying assumption is
made that americium provides 40 percent of the ﬁ:nazard of the plutonium at sites 200-202.
The Pu/Am ratio does indicate that the presenée of americium would not increase the
magnitude of the risk at sites 200-202. Therefore, only plutonium wﬂl be addressed in this

risk assessment.

4.1 CONCEPTUAL APPROACH

Sites 200-202 are reservoirs that contain sedimen*s cOntaminated with low (up to 7 pCi/g)

levels of plutonium that exceed the CDH plutoniq\im in soil standard of 0.9 pCi/g in some
locations. The source of this plutomum 1s hlstohc releases of airborne and waterborne
plutonium from the RFP. The historic sourccs of plutomum contamination to sites 200-202
have been effectively eliminated by controls i)n discharge and surface water flow.
Therefore, this assessment 1s bascd on the assumbuon that the plutomum present at sites
200-202 represents the hlghest poss1ble concenmatlon that will be avallable for human

receptor 1mpact

This is a qualiyftkaﬁv‘e,_ risk assessment that uses hazard rankings (Section 4.5.3) instead of
plutonium conceﬁtra:ion values, transport-equations, and receptor dose calculations to
convey the relativé'magnitude of specifi¢ media occurrence, release probabilities, potential

routes of uptake, and the ultimate impact on a-human receptor.

The EPA Risk Assessment Guidance (RAG) document defines the following four elements

for a completed exposure pathwayf’(EPA, 1989b):
+ A source :aﬁd:'mechanism of chemical release to the environment

+ An environmental transport medium for the released chemical (air, ground water,
etc.)

¢ A point of potential human or biota contact with the contaminated medium
(exposure point)

» A mode of uptake at the exposure point (ingestion, inhalation, or dermal contact).
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If any of these elements are absent, there is neither human exposure nor risk. For the
purposes of this assessment, the term exposure pathway will be used only when all four of

these elements are present.

The risk assessment will be developed as follows:

Toxicity Assessment (Section 4.3) LN
The human health risks associated with radiation exposure are bﬁeﬂy described, with

emphasis on exposure to plutonium.

Source Term (Section 4.4) L

The source term describes the amount of contamihant (plutonium) found in the
environment. For sites 200-202, the sour’cej term corresponds to plutonium concentrations
in bottom sediments. The concentration ofﬁl“i;to.xiium in the sediment affects the magnitude
of any release into other media; for examplé’, the lower the concentration of plutonium in
sediment, the lower the airborne plutonium concentration that canbe generated from the

sediment.

Exposure Pathway (Section 4. 5) k t
The 1mportance of potennal exposure pathways is assessed by estimating the magnitude of

potential exposure;,, the frequency and duration of these exposures, and the media-specific
pathways by which humans are potentially exposed. The magnitudes of potential exposures
are based upon the media-specific (sedime‘nty) contamination being a contamination source

for other media.

Exposure Routes (Mode of UDtake) (Section 4.6)

The various routes’ of plutomum uptake by humans and other organisms are identified and
ranked by relative 1mportance to the risk assessment. The risks associated with potential
points of human contact are qualitatively assessed based on all identified exposure
pathways. A description of the behavior of plutonium in biological systems is included in

this section.
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Risk Characterization (Section 4.7)

The concepts developed in preceding sections are combined into a site-specific risk
characterization, which evaluates the concentration of plutonium in each media, its
likelihood for transport to other media, and its likelihood to impact a human receptor. All
potential exposure pathways are systematically examined, and those which do not meet the

criteria of a completed pathway are eliminated from the risk asse’Ssti;ent.

Exposure Point (Section 4.9)

The point of potential human contact with plutonium "willkbe qualitatively assessed based

on all completed exposure pathways identified in the risk assessment.

4.2 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS (ARARs)

In the revised National Contingency Pl‘an‘ (NCP° 53 FR 51394) and the CERCLA
compliance with other laws requirement (EPA 1989c), several- dlfferent types of ARAR
requirements are identified w1th which remedial actions must comply (1) chemical
specific requirements, (2) action specific requirements, and (3) location specific
requirements. The most strmgent potential ARARS ‘for plutonium are found in the
Colorado Depar”‘tkﬁient of Health regulations. The sit;eksi)eeific soil ARAR identified for
sites 200-202 is, the CDH standard for plutomum in soil of 0.9 pCi/g (2 dpm/g). The CDH
soil standard is exceeded in bottom sedlments in a number of areas of Great Western
Reservoir and Standley Lake. Mower Reservoir sediments have not been sampled but are
believed to have similar concentrations o’f plutonium to those found in Great Western
Reservoir and Standley Lake ‘eediments (Section 2.3). The CDH standard was originally
developed for protection of zieo’nstruction workers at sites containing plutonium
contamination. Its applicability to buried lake sediments is as yet unclear. The Colorado
Water Quality Cdﬁt'xbli*Commission has established a separate plutonium standard for
Walnut and Woman' Creeks of 0.05 pCi/l (0.002 Bg/l), significantly lower than the EPA
standard of 15 pCi/l (0.56 Bq/l) total alpha acytivity. In addition, a CDH surface water
plutonium standard exists for Great Western Reservoir and Standley Lake of 0.03 pCi/l
(CDH, 1990a). All monitoring data reviewed indicate that the CDH plutonium limits for

Walnut Creek, Woman Creek, Great Western Reservoir, and Standley Lake have never been
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exceeded. A Memorandum of Understanding and Mutual Cooperation Agreement between ,
DOE and CDH regarding public exposure to airborne plutonium also exists. Offsite
airborne levels of plutonium may not exceed 0.02 pCi/m® (0.0074 Bg/m®) based on this
agreement. All air monitoring data reviewed are well below this standard for air sample
locations potentially impacted by sites 200-202. DOE Order 5400.5, Radiation Protection
of the Public and the Environment, specifies the same airborne pluiéhium public exposure
limit as the CDH (DOE, 1990). It is noted here, and discussed’in"S’gction 4.6, that the
airborne standard is based on Class W (soluble) plutonium, while the majority of plutonium
at sites 200-202 is Class Y (insoluble) plutonium, which has an ARAR of 0.04 pCi/m®
(0.0015 Bg/m®) (Wick, 1967). "

4.3 TOXICITY ASSESSMENT

In order to evaluate the potential risks posed by plutonium, it is important to understand

the toxicity hazards of radiation for differeh’t! exposure routes. Radiation is defined as the
transfer of energy from one place to another. Heat, sound, andi’*likght .are radiation but
typically do not carry enough, éﬁergy to break the atomic bonds bf‘;l"rjﬁlecules; however,
ionizing radiation, when intera;:a;ihg with matter, has sufficient energy to break the atomic
bonds of molecules, and prodﬁée (emit) an ejected efec&dn and a positively charged ion.

Ionizing radiation may be in the form of particles or electromagnetic waves.

Plutonium is primaﬁly an alpha particle ‘emitter. An alpha particle is essentially a helium
nucleus without orbital electrons. It is composéd of two protons and two neutrons with a
charge of plus two. Since these alpha particles have a relatively large mass and +2 charge,
they react strongly with matter,,,:*and create a large amount of ionization in a very short
distance. However, even alpha particles with the high kinetic energies of plutonium travel
only about 1.6 inghéé’m(4 cm) in air, and can be stopped by a piece of paper, or the
_outermost layer of ‘de:ild’ékin. Alpha particles therefore do not present an external exposure
hazard. These same“pfoperties do however produce much more cellular damage than an
equivalent amount of gamma energy, if both alpha and gamma are internally deposited.
The range of penetration of a plutonium alpha particle in tissue is approximately 100

microns (3.9 x 107 in), indicating that an alpha particle retained in the body will deposit
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100 percent of its ionizing radiation to localized tissue. This section describes the various
ways plutonium can enter the body (exposure routes), and the relative risk of each mode
of uptake. It is likely that the insoluble form of plutonium, plutonium dioxide (Pu0,), will
be the predominant radionuclide available for biological uptake from sites 200-202, since
the possibility of plutonium existing in another form in the reducin g environment of buried
sediments is remote. Even if a small percentage of the plutoni’t;xkpz‘does exist in a more
soluble form, the magnitude of risk determined in this qualittatii?e:;’vassessment for the

reservoirs will in fact remain the same.

In general, there are two distinct human hazards présQnted by radiation, those of external
and internal radiation exposure. External radiation exﬁdéure is due mainly to gamma ray
emissions from radioactive decay. Although plutonium does produce x- and gamma rays,
they are very weak and only comprise asmaﬂ percentage of the total energy emitted.
Therefore, this risk assessment does nof \cvonsider external radiation exposure (dermal
contact) as a hazard from sites 200-202. Plutonium does, howbyfer, present an internal
radiation hazard, primarily,‘:kfifk,om inhalation. The inhalation of plutomum can lead to the
deposition and retention of radibactivity in the lung, and producé continual, localized

internal irradiation of lung and other body tissues for extended periods of time.

The levels of pIutomum present in the sediment at sites 200-202 are very low, but have not
been adequately Eﬁaracterized (Section 4.4); The health effects that this qualitative risk
assessment will focus.upon are the low,levéls ‘of internal exposure that the public could
potentially receive from sites 200-202, mainly by the airborne pathway. The National
Academy of Science in a rec;ehtly released report (NAS, 1990) has stated that such low
levels of plutonium exposure can cause genetic and somatic (non-genetic, i.e. cancer)
effects, which have ‘ac’a’"l‘qng latent period. These long-term effects are due to DNA damage.
The body has mar;yh défénse mechanisms against such damage, including repair of the DNA,
immunological deféhsés, and the death of a cell. Ionizing radiation can also induce a

neoplasm, the uncontrolled growth and proliferation of a group of cells (cancer).
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4.4 SOURCE TERM

The initial step of this assessment involves evaluation of available source term data for

sites 200-202. The source terms for the sites are considered to be plutonium buried in
reservoir sediments outside the eastern boundary of the RFP. Historical radiological site
data relevant to a human health evaluation were collected from DOE and CDH sources.

These data were evaluated for the concentration of plutonium present in all media.

Representative sediment sampling has not occurred at sites 200-202.’ ‘In some cases, the
quantitation limits and detection limits for plutonium were not included in the referenced
documents. It is believed that most of the publishedrdaté have not been through a rigid
QA/QC analysis. It is also evident that sampling proeedures for all media have differed
between various sampling agencies. Because of these uncertainties, a numerical value
cannot be assigned to the source terms at s1tes 200-202 with any certainty since EPA
guidance suggests using Level IV data for a nsk assessment. Since the level of data
quality is not discernable, a quantltatlve risk assessment cannot be performed However,
qualitative inferences concernmg the source terms can be made. Sectlon 4.14 discusses
additional data needed for a rehable determination of IHSS 200-202 source terms to

support a quantltatlve risk assessment.

4.5 EXPOSURE PATHWAYS

The identification and assessment of exposure pathways is accomplished by characterizing

all potential contaminant release meehaniSms which may contribute to a completed
exposure pathway to human receptors. The krelease mechanism analysis evaluates the
possible migration of the che@icals of concern, taking into account their physical and
chemical properties that affect en"vironmental fate in the various site media. Certain site
characteristics such as ‘hydrogeology, organic carbon concentration, climate, and vegetation
may also significaﬁﬂ& *iﬁﬂuence the migration potential. Current and future use of the site

may determine the current and future exposure scenarios.
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4.5.1 Identification of Release Mechanisms .

Possible release mechanisms of plutonium from sediment at sites 200-202 are identified in.

the conceptual model shown in Figure 3-1. Primary release mechanisms include:

e Direct fugitive dust from sediments
* Wind stripping of water

e Reservoir discharge

 Drinking water withdrawal

« Infiltration/percolation

 Biotic uptake.

Figure 3-1 also includes an assessment of the secondary release mechanisms present at sites

200-202. These secondary release mechanisms include: -

* Recreational use -

 Direct fugitive dust from sed1ments

o Settled dust -- plants

s Settled dust -- soil (leading to possxble airborne dust)
» Settled dust -- water

+ Biotic uptake of surface water

 Surface water deposition . .

o Surface water irrigation.

+ Surface water infiltration

 Surface water evaporation/lowering (leading to possxble airborne sediments)
* Ground water seepage

+ Ground water pumpage

* Drinking water X

* Precipitates from treatment plant, -

4.5.2 Identification of Transport Media

A physical examination of sites“f2‘00-202 and an historical review of the records for the site
indicate that the only primary tré‘ns'port media for plutonium is the contaminated sediments.
Numerous poss1ble prlmary release mechanisms are listed above, but it is the fugitive dust
release mechamsms that can cause the greatest impact on the secondary transport media
of air. Other potentlal transport media for plutonium include surface runoff, groundwater,
and biotic uptake. The following discussion provides a more detailed description of soil
reentrainment, and some description of the surface runoff, groundwater, and biotic uptake

transport mechanisms.
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4.5.2.1 Factors Affecting Airborne Reentrainment

An explanation of atmospheric transport parameters is presented in this section because
inhalation of plutonium particles reentrained from exposed sediments is considered to be
the most probable means of human exposure at sites 200-202. A receding shoreline may
expose sediments containing plutonium, which can then become airborne. Shoreline
variations are seasonal, and, thus although recession occurs, so do,es’fckpansion and the net
tends to be an average free-board over 70 years. The likelihoocﬁinkof a chronic release
scenario resulting from this phenomena is dictated by (1) episodic drought occurrence
and/or (2) population expansion placing an increased draw-down on the system without
commensurate make-up. In addition, if the system isdréWn down, natural processes will
promote revegetation of the affected areas. It is therefore important to understand the
mechanisms of contaminant transport before considering the corrective actions needed to

reduce or eliminate transport.

Two primary mechanisms are associated with the initiation of pafticle movement. Direct
action of air moving past- a parucle may exert enough force to accelerate the particle,
causing it to roll along the surface or to be lifted up and moved in the air stream. A
second mechanism of 1n1t1at1ng particle movement: 1s through the impact of airborne
particles with partlcles on the ground. Particles on a: 'solid surface which have chemical
and physical propertles different from the base materlal have adhesive contact with the
substrate. For resuspension to occur with t‘hls‘ scenario, the force on the particle must be
equal to or greater than the force holding: the 4partic1e to the surface. Several factors are

known to influence particle cohesion:

e particle material

* size

» shape

» surface roughness

+ relative humidity of the ambient air

« presence of electrostatic charge

» nature and physical characteristics of the substrate.
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The primary meteorological factors which influence the resuspension of material from .
ground deposits are wind and ground surface moisture. The amount of material that can

be carried in the air currents is dependent on the density, velocity, and viscosity of the air.

Particles that are dislodged from the exposed sediment material can then move in three
ways: suspension, saltation, and surface creep. Suspension occurs when upward wind
eddies counteract free fall, allowing transport of the particle at the everage forward speed
of the wind. These particles are generally less than 0.1 millimeter (n;m) in diameter and
are redeposited via rainout or gravity after the windesubsides. Particles between 0.1 mm
and 0.5 mm in diameter move by a series of short ‘bounces called saltation. Larger
particles between 0.5 mm to 2 and 3 mm in diameter caﬁ roll and/or slide along the surface

in what is called surface creep. Particle.movement predominantly occurs by saltation.

Because of plutonium’s strong affinity fof clay in sediments, and because of the elapsed
time s1nce the last known releases to sites 200-202 (mid- 19705*) it 1s likely that the
plutonium become an 1ntegra1 part of the sediments, and will behave m exposed sediments
according to the concepts developed for soil erosion. Among the parameters which most
influence the movement of soil by wind are the space and time variations of the soil
particle size dlstnbgt;on. Past studies have not deternuned what size fraction(s) of the
sediments in sites. 200-202 are affected by the plutonium, and it is not known what
percentage of the plutonium might be Qavailable for deposition in the lung. The
conservative assumption for this qualitative risk assessment is that, although very unlikely,
all plutonium in the sediments is associated with particles of respirable size. The effect
of this conservative assumptioh;is that the characterization of risk resulting from this
assumption will be overstated (iﬁe,;,; the actual risk will likely be lower). To quantify the
actual risk resulting;ff’em this pathway, sediment particle size (as well as other physical and

chemical propertie‘s;),ﬂ“weuld have to be evaluated.

4.5.2.2 Plutonium Uptake in the Food Chain

As described in Section 3.1.3, plutonium forms relatively insoluble compounds in the

environment and is therefore not considered biologically mobile. This term describes the
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ability of an element to be transported through the food chain. Since plutonium has no
known biological function, it can only be passively incorporated into organisms, mainly by
physical processes such as surface contact, inhalation, and ingestion of plutonium adsorbed

to the surfaces of plants and zooplankton.

Food-chain transfer of plutonium does represent a potential expo‘vs:ukre route. A critical
parameter used in this determination is K,,, (logarithmic octanol-wavté‘r;i)artition coefficient).
This is a good indication of how readily an organism will take up a particular compound,
and is a general predictor of bioaccumulation in the oilé of fish or the fat of animals. The
K, is related to water solubility and bioconcentration factors for aquatic and terrestrial
life. N

In an aquatic ecosystem, the supply of bas,ic"‘compounds such as carbon dioxide, and of
elements such as oxygen, calcium, hydrogeh;; and nitrogen, is contained either in solution
or is held in reserve in the bottom sediments. These nut’r!ieznts are absorbed and
metabolized through the utilizétion of solar energy by two main t‘yhpesf of food producing
organisms: rooted or large ﬁdﬂtiﬁg plants, and minute floating plants kcfalled phytoplankton.
Available literature indicates that the plutonium K, fOrkfwaytker and uptake of plutonium by
terrestrial plan‘ts is “extremely low, and that root ‘u,ptkaket of plutonium is negligible
(Rockwell, 1986). . ‘

As a general rule, radioisotopes present fiknfsediments can pass into the root systems of
plants in the same manner as nonradioactive isotopes of the same element. The element
may or may not be required'y:ffolr normal metabolism, and some elements (e.g., iodine,
cobalt, uranium, and radium) aikré"’known to be present in plants although they serve no
metabolic function. ,,However, evén when plutonium is mixed into surface soil in a water-
soluble form, it isiskti?q'x;gly excluded from uptake in the first crop plants grown in that soil.
The relative concenitrétion factor expressed as parts per million in dry plant material/part
per million in dry soil has been measured at less than 0.01% for plutonium (Menzel, 1965).
This value has been replicated in a study of sheep grazing in a marsh estuary near Sellfield,
England (Ham, 1989).
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Radioactive substances can pass directly to the food chain by foliar deposition. The
radionuclides may then pass directly to grazing animals or to man as superficial
contamination, or they may be absorbed metabolically from the plant surface. The
significance of plant surface contamination varies with the growing season, since the
potential risk due to direct contamination of crops is obviously greater just before a harvest
or during active grazing by stock animals. Conversely, the pote‘nti‘azl risk may be lowest
in winter months when there are no standing crops, although it is;‘kpv(ﬂ)s‘sfiable that even during
these months direct fallout on the basal structure of grasses in permaﬁcht pastures may be
stored until the following spring. Retention of this type will be greatest for plants that

develop a mat of basal parts, old stems, and surface roots.

The significance of foliar contamination of plants will also depend on the structure of the
plants and the role of the various parts of the plant in relation to the dieting habits of man.
Wheat plants have a shape that tends to 'maximize entrapment of settled fugitive dust.

Other cereal grains and grasses also have félatively high foliar retention.

Foliar contamination can bé'trembvéd by rain, other weathering effec"ts‘, and by drying and
dropping of plant parts (field loss). Chamberlain (1970) has examined data from a number
of investigatoirs':aind found the field loss during the growiﬁg season to be about 0.05 percent

per day.

4.5.2.3 Surface Water

Because of plutonium’s extremely low solubility and strong tendency to sorb onto

suspended solids (Section 32), ‘reservoir water at sites 200-202 are not likely to contain
measurable amounts of plutdnium unless contaminated bottom sediments become
resuspended. This ,,sgﬂenario has a low probability of occurrence, since the plutonium is
buried in a discre;té;«layer within the sediment. Routine monitoring of Great Western
Reservoir and Stanciléy, Lake water quality consistently indicates very low to undetectable
concentrations of plufonium, suggesting that significant resuspension of contaminated
sediments does not occur at these reservoirs. Sampling procedures at these facilities would

result in samples of "whole water" which contains any suspended sediment. Treatment
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procedures applied before the water enters the public distribution system include
sedimentation and filtration which have the effect of removing suspended sediments. As
discussed in Section 2.0, routine sampling and analysis conducted at the treatment facilities
demonstrates that plutonium levels in the public water supply have always been below EPA
water quality standards. The likelihood that this transport medium would produce an

impact on a human receptor is negligible at sites 200-202.

4.5.2.4 Ground Water

As stated in Section 3.0, plutonium has an extremely low solubility in water and has a

strong tendency to sorb to clays and other soil particulates. Previous studies have also
determined that plutonium has a high affinity for elafy in sediments, and that it is
effectively immobilized in the clay-rich sedlments typical of impoundments near the RFP
(CSU, 1974). Other studies have found no ev1dence of plutonium migration through the
sediment columns at Standley Lake and Great Western Reserv01r (DOE, 1980). The
information reviewed in Sectlon 3.0 as well as the physrcal/chemlcal properties of
plutonium substantiate the rauonale that plutonium transport into the ground water system
through 1nf11trat10n/percolat10n:, and seepage bottom ,of the reservoirs is not a viable

transport pathway..

4.5.3 Potent1a1 Exposure Pathways at s1tes 200 202

Potential exposure pathways will be addressed in this section. As illustrated in Figure 3-1,

various possible transport media exist at srtes 200-202 along with their associated primary
and secondary release mechanisms. Seetion 3.0 describes the fate and mobility of
plutonium in the environment;"aﬁd concludes that plutonium is highly insoluble in ground
water and surface water, and bond‘s strongly to particulates. As stated in Section 4.1, a
completed exposure pathway must exist for a hazard to be conveyed to the receptor. Many
of the potential transport media and release mechanisms identified thus far do not form a
completed pathway, and therefore do not pose a risk to human health. However, the
likelihood that fugitive dust from exposed sediments would be available for transport
* during the 70-year exposure scenario is remote. Nevertheless, this pathway will be

retained. The only credible completed exposure pathway for sites 200-202 is shown in
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Figure 4-1. Although other pathways are addressed for the sake of completeness, they are

not considered in the determination of qualitative risk.

Primary and secondary release mechanisms are grouped with transport media (Table 4.1)
to determine their probability of transporting plutonium in the environment over the
duration of the exposure scenario (70 years) based on the followi;igﬂprobability ranking:

1. High -- historic records or physical characteristics of sites 200-202 indicate that

plutonium has a high probability of occurring in this release mechanism and/or
transport medium

2. Moderate -- a possibility exists that plutonlum may be released by this mechanism
or transported by this medium ,

3. Low -- the likelihood is that this fc;lease mechanism or transport medium does not
provide any significant possibility of release or transport in the environment

4. Negligible -- all historic data and physical characteristics of plutonium indicate
that this is not a credible release mechanism or transport'medium for plutonium.

4.5.3.1 Ground/Surface Waté: , ”

With regard to water quality," the need for potential ;,’sti’te remediation should be based
largely on thqr'évaiu'ation of current and potential ri§k‘s toﬁ the public who may use the
reservoir or undérgrb;ind aquifer as a source of drinking water. A key evaluation criterion
in selecting remedial measures at RFP shoul'd be the extent to which alternatives mitigate
offsite exposure via the ground water/slt:rface water pathway if in fact exposure is
occurring. All data reviewed to this point indicates that the ground water/surface water
interactions in and around all ‘three reservoirs produce no detectable amount of plutonium
in ground water. This conclusion is based on the premise that numerous RFP on-site wells
are located in areas of documenkted contaminated pond leakage. In no case has the
plutonium impactéd’gréhnd water. If no impact is seen in this worst-case situation it is

highly unlikely that the reservoirs will impact ground water.

All data reviewed indicates that ground water is not being impacted, and reservoir water
quality data indicate that plutonium levels are far below regulatory limits. It is important

to note that these levels are just above the analytical detection limit, and well below the
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EPA or CDH risk-based limits of 15 pCi/l total alpha for drinking water. In the absence ‘
of data integrated over time, only a relative measure of purely hypothetical risk may be
developed for the ground water/surface water exposure pathway. Based on the information
presented in this document, the following conclusions can be drawn:

1. The sediments in all three reservoirs contribute little or no, plutomum activity to
ground water/surface water. s

2. All sampling data from the reservoirs indicate that no .bioaccumulation of
plutonium is occurring in water plants, phytoplankton or fish.

3. Plutonium in sediments is essentially 1solated from the water body due to the
overlying sediment layer. ,

4. Plutonium rapidly and almost irreversibly attaches itself to clay sediments and
there is no evidence of post-depositional migration of plutonium through the
sediment. This leads to the conclusion that plutonium is not readily available for
remixing in the water, even under.lake turnover conditions.

5. All water quality monitoring data for plutonium in and-around the reservoirs is
at or below the analyucal detection limits, and well below CDH and EPA
regulatory standards A

6. Most importantly for‘;receptor risk analysis, tap water samples taken from the
communities that utilize the reservoirs as a.source of drinking water indicate
levels-of plutonium just above or below the analytical detection limit, and well
below the CDH and EPA drinking water standards.

Based on the above conclusions, the data suggest that there exists no appreciable risk under
conditions of no action and thus no risk management alternatives involving remedial action

would be required.

4.5.3.2 Soil ‘ 4

Much of the soil data’:ij:viewcd indicate that natural processes such as biological activity,
weathering and péfééiation will cause plutonium to move vertically downward in the top
few centimeters of the soil column. Section 3.0 of this document also describes some of
the factors most important to plutonium transport in buried lake sediments. ‘One of the
most important factors is the distribution coefficient (K,). This term reflects the ability of

ions and molecules to adhere to solid surfaces. The fine particles of soil and sediment
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have enormous surface areas relative to their volumes, and carry electric charges. Ions and
‘ molecules can bond to these surfaces by forces that range from those due to weak residual
electric charges to strong chemical bonds. Typical K, values (unitless) for plutonium are

10° to 10% indicating its high potential for immobilization by soil (Allard et al., 1983).

4.5.4 Reservoir Sediments A
The most probable risk of exposure to plutonium from sites" 2(50-’202 is through the
inhalation pathway. The areas of highest concentration of plutonium' in Great Western
Reservoir and Standley Lake appear to be in the de'ep_water areas where the greatest
sedimentation rates occur. The areas of minimum plutonium impact appear to be the
shallow water and shoreline areas. These near-shore locations have the greatest potential
to expose sediments to potential reentrainment into the atmosphere; however, since the
plutonium concentrations are at or below the CDH ARAR for soil in these areas, the
potential human risk via the inhalation pathway would be minimal. Based on the
information presented in thlS document the following conclusmns can be drawn:

‘ 1. The highest plutOmum concentrations tend to be in the deepest parts of the

reservoirs. This conclusion has not been definitively proved for Standley Lake
and Mower Reservoir.

2. The lowest plutonium concentrations tend to be along the shoreline and shallow
water areas of the reservoirs.

3. Sediment sampling results indicate that discrete contamination layers exist at both
Standley Lake and Great Western Reserv01r, and have been buried by subsequent
sedimentation. :

4. The plutonium is strongly bound to the sediments and will not readily dissolve
or migrate through the sediment column.

5. It is possible that the reservoir levels may drop, exposing plutonium-containing
sediments to drying; however, in general, this exposed beach area would produce
a crusty, platelike surface which would require pulverization for the sediments to
become airborne. It is plausible that vehicular traffic could produce this
pulverization: If reservoir levels remain low, long-term weathering could also
eventually provide means for reentrainment.

RFPamo.200 41 11105790



Although this pathway is the only credible one for sites 200-202, it has a low probability

of significant occurrence. Based on the above conclusions, it is determined that the no-

~action alternative for the sediment inhalation pathway presents a low hazard to the public,

and should therefore be retained in the risk assessment.

4.6 EXPOSURE ROUTES

Various modes of uptake, including inhalation, ingestion, and defnkialk contact, can lead to
internal radiation exposure. The two primary modes of plutonium upteke that would lead
to internal radiation exposure are the inhalation and ’in'gestion of radioactive materials.
Dermal contact is not a significant mode. The estirri‘atien of organ burden and exposure,
as well as of the resulting dose rates and doses, due toaup:ta.ke by these pathways is based
on the use of mathematical models which-depend on many parameters. Publications ICRP
30 (ICRP, 1979), ICRP 31 (ICRP, 1980), and ICRP 48 (ICRP, 1986) provide the criteria
necessary to calculate the committed effeetive dose equivalent for both occupational
workers and the general pubhc This section will show that the. nsk associated with the

dermal contact and 1ngest10n exposure routes is insignificant when cornpared to inhalation.

4.6.1 Inhalatlon

The 1nhalat1on of an aerosol carrying radionuclides is a- potennal mechanism for damage
to the resp1ratory tract as well as a p0331ble exposure route for the translocation of inhaled
radioactive material to other reference ,organs. The complexity of the biological
phenomena which govern transmission and elimination of such material complicates the
assessment of potential health effects due to inhalation of radioactive material. Factors
which must be included are:

1. The fractional deposition of inhaled material in the respiratory tract depends on
properties-of the aerosol size and mass distribution, chemical form, and charge,
as well as on the breathing rate and such physiological characteristics of the lung
as its surface propernes and configuration. For the purposes of this qualitative
risk assessment, it is assumed that 100 percent of the plutonium is available for -

uptake. In the quantitative risk assessment this assumption will be refined based
on further evaluation.

2. The duration and extent of the exposure depends on the biological and physical
mechanisms which transport the deposited material and its decay products within
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the body. These include the various clearance paths, the nuclide half-livesv, the
chemical form, the solubility, and the degree of retention in each reference organ
of interest.

3. The dose depends on the time integrals of the activity of both parent and daughter
in the organ, the organ mass, the emitted energy of each nuclide, and the fraction
of that energy absorbed by the organ tissues.

Inhalation is the most common exposure route by which plutonium één cross the barriers
of the body and penetrate into and across living cells. The acrodynarhic particle size of
the aerosol, which accounts for not only the sizes of the kparticles but also their density and
shape, determines the fractional deposition and sites of déposition in the respiratory tract.
The bioavailability of plutonium adsorbed to particles often depends on this aerodynamic
particle size. Particles with a diameter greater than 5 micrometers usually become
imbedded in the mucous of the pharynx, iraiché@,»or bronchi. The mucous is swept up the
respiratory tract and swallowed. The absorpt;ion efficiency of these large particles depends
on the gastrointestinal absorption efficiency, which is extremely 16&~for plutonium (Section
4.6.2). Consequently; inhéléd; particles that are subsequently ingésﬁted‘ reduce the risk
associated with the inhalat‘i‘ona éXposure route. The subsequent "rates and routes of
clearance, the translocation to,udéposition in, and rate"‘f‘ofv Clearance from other tissues, and .
the excretion 1nur1ne and feces of plutonium depend t(')n“p‘a‘rticle size, solubility, density,
shape, and othcf=p'hy:sicochemica1 characteristics of the plutonium aerosol. The biological
half lifes in the lung are defined for various solubility classes as Days (0.5 days), Weeks
(50 days) and Years (500 days). The ICRP. khas’ determined the solubility class for various
plutonium compounds (ICRP, 1979). These are:

* Class D (days) - no plu('toiiium compounds

+ Class W (weeks) - all plutonium compounds except plutonium dioxide (PuO,)
* Class Y (years) - plutonium dioxide (PuO,)

4.6.2 Ingestion
The ingestion of radioactive material represents another exposure route by which

radioactivity may be transferred internally to blood and, subsequently, to other organs.
While a description of this route is simpler than for inhalation, due to the direct deposition

of the ingested material into the gastrointestinal (GI) tract, treatment of the balance of the
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biological-physical processes involved is affected by the same uncertainties of biological
parameters as were discussed for the inhalation model. In the ingestion model the critical
transfer mechanism is the absorption of radioactive material into the systemic blood from
the small intestine. However, the gastrointestinal tract provides a substantial barrier to the
uptake of plutonium ingested with food or water. Inhaled plutonium will also be cleared
from the lungs to the gastrointestinal tract, so gastrointestinal absotﬁyti‘on is a consideration,
although it is a negligible pathway in regards to risk. Values for ,fthe fraction, F, (GI
absorption factor), of ingested radioactivity transferred to blood have Been published. The
DOE lists an F, value of 1.0 E-05 for Class Y plutonium—239 (DOE, 1988). This indicates
that the ingested plutonium will not easily transfer to,other body compartments. Class Y
plutonium refers to the solubility and body retention of rthe'radionuclide. If ingested, Class
Y plutonium tends to pass through the body.with insignificant biological uptake. As stated
previously, PuQ, is considered to be insolnf‘ble_‘i:n the body, and thus is classified as Class
Y plutonium. This qualitative risk assessment kmakes the assumption that the amount of
Class W plutonium (more soluble in the body) is negligible when compared to the amount
of Class Y plutonium found at snes 200-202 (DOE, 1988).

4.6.3 Dermal Contact

Plutonium-239 and plutomum 240 are alpha emitters and hence only present a biological
hazard if they are transferred into a biological system. The dermal contact exposure route
for plutonium would involve skin contamination and subsequent transfer into the body
through an open wound or by ingestion." Unbroken skin has been shown to be an effective
barrier to the penetration of plutonium, and dermal absorption coefficients cited in the
literature are on the order of ‘5 X 10° (NRC, 1988). It is highly unlikely that soluble
plutonium is present at sites 200;202 in a concentration that would lead to transfer through
an open wound by skln contamination. Since the GI absorption factor is 1.0 x 10 for
class Y (insoluble§ “pl‘uktonium, human biouptake of plutonium sediment by the dermal

contact exposure route and subsequent GI absorption is not plausible.

These risk values are restated here to reinforce that the inhalation exposure route produces

by far the principal hazard from sites 200-202. Because of plutonium’s low soil mobility
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and water insolubility, the health risk associated with plutonium ingestion is insignificant

‘ when compared to the health risk associated with plutonium inhalation.

4.7 RISK CHARACTERIZATION

A qualitative risk assessment is a systematic identification of potential hazards of events

that could result in undesirable consequences, and is basically j_snbjective. The main
disadvantage of a qualitative approach is that it is difficult to make specific numerical
comparisons among the risks of different events or scenarios. However;,was shown in Table
4.1, hazards can be grouped by relative importanceinto risk categories (i.e., critical,
marginal) and linked with frequency categories (i.e., high, moderate, low, negligible).
Pathways and release mechanisms that have a critical ‘in;iportance to the risk assessment
have a high probability of impacting a human receptor. Those that have a marginal

importance have a very low probability of Eimpzacting a human receptor.

4.7.1 Risk Characterization Process

The risk characterization presented here evaluates the concentranon of plutomum in each

‘ medium, its likelihood for transport to other media, and its hkehhood to impact a human
receptor. The concepts developed in preceding sectlons are utilized to determine the
magnitude of I‘lSk based on the following ranking: ‘

1. High 2 An appreciable potentialunacceptable'risk to human health exists based
on historical data, physical characteristics and/or present conditions.

2. Moderate - It is conceivable that plutonium exposure could occur at the receptor
point by using maximum credible scenario assumptions.

3. Low -- It is highly unlikely that an unacceptable risk to human health exists,
using maximum credible assumptions of release mechanisms and exposure
pathways combined with historical data, the physical characteristics of plutonium
transport, and.present conditions.

4. Negligibl R The release mechanisms and completed exposure pathways do not
exist to constitute an unacceptable risk to human health.
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4.7.2 Physical Model
Providing a reasonable estimate of internal radiation doses due to inhalation and ingestion

requires that a consistent model for both the respiratory and gastrointestinal tracts be
employed. While a large amount of theoretical and experimental work on such models has
been done, the most widely accepted models that provide reasonable estimates of internal
radiation doses have been those developed by members of the ,respective ICRP working

groups.

The proposed ICRP Task Group on Lung Dynamics (TGLD) model for the respiratory tract
has been well documented. Parameters suggested.v’foruse in the model have been
extensively reviewed and, to some extent, improved in*ICRP publications (ICRP, 1979;
ICRP, 1980). The ICRP TGLD proposed. model incorporates three major respiratory
compartments: the nasopharyngeal, the ttrncireobronchial, and the pulmonary. Each of
these major compartments is divided into‘i’ subcompartments corresponding to various
transfer mechanisms, which are treated as essentially 1ndependent processes In addition,
the associated lymph nodes- are .appended to the pulmonary compartment in one of the
transfer chains. Direct deposmon through inhalation occurs to the three major
compartments, with the fractional deposition in each'being a function of the aerosol
properties, Subsequent transfer and/or clearance is governed by parameters specified for

each subcompartment

The ICRP gastrointestinal tract model can'also be used to calculate internal exposure as a
result of radioactive contaminant ingestion. “The model comprises a four-compartment tract
consisting of the stomach, sm‘ailly intestine, and lower and upper large intestine. The times
involved in the passage of material through the stomach and small intestine (the only
compartment from. Wthh transfer into the blood occurs) are negligible compared to the
residence times assocxeted with most Class Y compounds in the lung and can be neglected

when considering doses due to ingestion of insoluble plutonium.
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4.7.3 Risk From All Modes of Exposure

The various chemical forms of plutonium are highly insoluble both in the environment and
in the human body. Based on a review of exposure durations and modes, it appears that
the dose equivalent is negligible and poses a very low risk pathway in the qualitative
model. Developing these concepts in tabular form, biological uptake mechanisms from all

release pathways can be ranked from most likely to least likely:

Exposure Route

Inhalation

Inhalation then ingestion
Ingestion of sediment
Bioaccumulation

Dermal contact

Ingestion of drinking water.

The last five routes are considered ncgligibzlef kfrom a risk standpoint. In lieu of performing
a calculation based on the concepts of Section 4.6, a qualitativégcomp‘aﬂson of pathway
specific risk is provided by the EPA (EPA, 1990). The EPA has developed the following
media-specific concentratior{;b‘ased unit risk factors for age-averaged lifetime excess total

cancer per unit daily intake (ekposure for 70 years) of fCIasg Y plutonium-239:

: Air |  Drinking Water Soil Ingestion
1 pCi/m® A 1 pCi/L 1 pCi/g
Cancer Risk 26E2 | = 16E-6 8.4 E-8
Factor' 5,

! The media-specific nsk factors are based on standard man (155 1bs [70 Kg]) intake

rates of:

+ 706 ft’/day (20-m’/day) inhaled air
« 0.6 gal/day (2.2'Y/day) ingested liquid
« 22x10* lbs/day (0.1 g/day) ingested soil.

These values assume that all daily media exposure is derived from contaminated airborne
fugitive dust (706 ft*), surface water/surface runoff (0.6 gal water), and soil (2.2 x 10" 1bs)

and that exposure occurs continuously for a 70-year lifetime.
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To assess the cancer risk of exposure to an environmental pollutant such as plutonium,
three pieces of information are requested: (1) the carcinogenic potency (unit risk factor)
of the pollutant being considered, (2) an estimation of the airborne concentration that
people may breathe, and (3) an estimation of the number of people exposed to those
concentrations. The unit risk factor is a quantitative estimate of the carcmogemc potency
and is expressed as the chance of contracting cancer from a 70- year lifetime continuous
exposure of 1 pCi/m’ of a given radionuclide for the airborne pathway_r The unit risk factor
listed for the air pathway is 2.6 E-02 (pCi/m®). This indicates that an e‘etimated 2.6 excess
cancers per 100 people exposed would develop if this group were exposed to 1 pCi/m® of
plutonium for 70 years. At this airborne concentrétion an unacceptable risk to humans
would be produced. However, the air monitoring data reviewed indicate no discernable
increase in airborne plutonium levels downwind from Sites 200-202. The natural
background risk of cancer death is approx1mately 2E-01. This indicates that given a group
of 100 people approximately 20 will die from cancer. The additional risk, if any, cannot
be calculated given the limits of this quahtanve risk assessment; but can be determined in
a quantitative assessment. However the added risk of plutonium exposure from Sites 200-

202 is negligible.

These unit ri,skj}‘fa‘c"tors use the same basic approach -a"s”other models (DOE, ICRP);
however, the EPA :ltlvses the model to derive risk frorﬁkeach type of media. These risk
factors reinforce the premise that inhalat,iohef plutonium (pCi/m®) has a much greater risk
factor than from ingestion of water (pCi/i) or soil (pCi/g). Since it has been shown that
the air pathway from sites 200-202 prokd»u‘ces a negligible risk to the public, all other

pathways must also produce a-negligible risk.

4.8 APPLICATIOjN"QF RISK ASSESSMENT TO EACH RESERVOIR

The reservoirs have been treated as a single unit because of the similarities of source term

(plutonium), a single potentially significant exposure pathway (fugitive dust from sediment
drying), and a single potentially significant exposure route (inhalation). The final criteria,

that of exposure point, is somewhat different for each of the three reservoirs. The

RFPamo.200 48 11/05/90



following section will restate the source term, exposure pathway, exposure route, and

exposure point for each reservoir separately.

4.8.1 Great Western Reservoir

Until recently, Walnut Creek emptied into Great Western Reservoirk,ﬁwhich is the drinking
water source for the City of Broomfield. At full capacity, this reséfﬁoir is a maximum of
62 ft (19 m) deep and covers 7.2 x 10° ft* (668,000 m?) with a volume of 1.2 x 108 ft?
(3,430,000 m®). Except during periods of heavy rain and runoff the reservoir is not filled
to capacity. More typically, the reservoir is malntamcd at about 43 ft (13 m) depth
covering an area of 3.2 x 10° ft* (294,500 m?) with a v’olumé of 4.1 x 107 ft? (1,162,000 m?)
(Thompson, 1975). .

Public access to the reservoir is restric:téd;;and no recreational use of it is allowed.
Historical data indicates that the source of f;lﬁtonium present in the reservoir is from waste
liquid discharges from holdin’g‘ ponds that’were transported to 'the reservoir via Walnut
Creek. This pathway has been ellmlnatcd (Section 2.1). Itis unclear if some fraction of
the plutonium present in the reservoir sediments is from the airborne pathway produced by
the 903 Pad barrel storage area in the RFP main productmn,facxhty. However, this source
also has been éliniinated by remedial action (removal of contaminated soils) and

institutional coﬁ‘t‘r:ols" iconstruction of an asphalt pad) (Krey and Hardy, 1970).

4.8.1.1 Surface Water/Tap Water/Ground Water

All of the reservoir, domestic water, and background water quality results for Great

Western Reservoir are essentialkly& the same within the limits of analytical and sampling
variations. The results indicaté that the sediment in the reservoir is effectively
immobilizing the plurt:bpium and preventing its movement into municipal drinking water.
The reservoir water p"é.ks‘stes through a filter prior to domestic consumption, greatly reducing
the likelihood that suspended silt containing plutonium could reach a receptor through the
drinking water pathway. The silt is sampled for plutonium and all data indicate that
plutonium concentrations are just above or at analytical detection limits. An extensive

ground water monitoring system on and around the RFP has been developed. The well
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locations were selected to intercept ground water in areas where potential contamination .
might be expected. Well locations are near holding ponds, evaporation ponds, and creek
beds. Monitoring wells in the buffer zone along the eastern boundary of the RFP have
been sampled, and in no case has plutonium above background levels been detected.
Although data are not available concerning plutonium transport from Great Western surface
water/sediments to ground water, it can be inferred that this pathwafyf?ifs not plausible. This
suggests that soil/sediment is a good medium for removing plutonium from an aqueous
media. Since surface water, ground water, and tap water are not release mechanisms for
plutonium transport in the environment, the following pathways can be discounted for Great
Western Reservoir in this qualitative risk assessment: .
Surface Water — Tap Water
Surface Water. — Ground Water
Surface Water — Biotic Uptake
Surface Water > Deposition
Surface Water — Irrigation
Surface Water — Infiltration ’
Surface Water — Fugitive dust wind eroswn,

“Ground Water — Seepage
_Ground Water — Pumpage

Populations usmg the reservoirs for water consumptlon are not ingesting plutonium

concentrations m excess of CDH or EPA water quality criteria.

4.8.1.2 Reservoir Sediments

Sediment sampling has been performed -at kGreat Western Reservoir on a number of
occasions (Section 2.1). The highest concentrations of plutonium were found near the inlet
of the reservoir and along the kdﬁm where the greatest sedimentation rate has also been
measured. Subsequeﬁt sedlmentatlon has buried the plutonium in a layer approximately
12-15 inches below the top of the sediment. Since it is possible that under normal
conditions the reservoir level could drop and expose potentially contaminated shallow water
sediments for subschuvent fugitive dust wind erosion, this pathway will remain in the

qualitative risk assessment,
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4.8.1.3 Spillway Sediments

Spillway sediment plutonium concentrations have been measured at Great Western
Reservoir, and the results indicate that sediments accumulating within the spillway were
well below the 2 dpm/g (0.033 Bq/g) activity screening level adopted by CDH (Rockwell,
1980). During periods when the reservoir is not at maximum capacity, the sediment in the
spillway is not submerged. The location of greatest depth of sedimént is near the stop logs
of the entrance and sediment accumulation is at minimum at ’t’hé’southeast end of the
spillway. Although it is possible that these sediments could be the soﬁfée of fugitive dust,

the levels are below applicable ARARs. Therefore the

Lake/Reservoir Sediments — Reservoir Discharge — Surface Water — Fugitive Dust
pathway can be discounted for Great Westé;m‘Reservoir in this qualitative risk assessment.

4.8.1.4 Air

No credible scenario exists that could produce an exposure pathway from wind stripping
of the surface water. As stated _previously, routine water quahty momtonng at Great
Western Reservoir indicates thatreservmr water is not si ignificantly impacted by plutonium.
Therefore, the followmg pathway can be discounted for Great Western Reservoir in this

qualitative nsk assessment

Wind Stripping of Water — Air

4.8.2 Standley Lake
Standley Lake is a large body of water 43,000 acre-ft (5,300 hectare-meter) in volume,

located approximately 2 miles*(y3f.2 kilom) southeast of RFP’s eastern boundary. The
reservoir is used as a part of thé'municipal water supply for the cities of Westminster,
Northglenn and Thdrﬁfon, and is-capable of supporting approximately 185,000 persons.
In addition, the res’ér\}oir serves as a recreation area. Boating, fishing, swimming, hiking

and biking occur in and around the reservoir.

Standley Lake receives approximately 95 percent of its water from Clear Creek via an

irrigation ditch, a water source that has no history of plutonium transport. Woman Creek,
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an ephemeral stream which also feeds Standley Lake, has been a pathway by which
‘ plutonium could migrate to the reservoir. Historical data indicates that other likely
pathways are soil erosion within the Woman Creek watershed and windblown plutonium
contamination from the 903 Pad area. The airborne source has been eliminated by remedial
action (removal of contaminated soils) and institutional controls (cons;ruction of an asphalt
pad). Although the surface water-soil erosion pathway may conc‘e‘i\,’/ably still exist, studies

of Standley Lake sediments indicate that contamination is not ongoing.

4.8.2.1 Surface Water/Tap Water/Ground Water

All of the reservoir, domestic water, and backgroun‘d‘w'ater quality results for Standley

Lake are essentially the same within the limits of analytical and sampling variations. The
results indicate that the sediment in the reservou is effectively holding the plutonium and
preventing its movement into municipal drlnklng water. The reservoir water passes through
a filter prior to domestic consumption, greatly reducing the likelihood that suspended silt
containing plutonium could reach a receptor through the drmkmg water pathway.
Extensive ground water momtormg wells on and around the RFP: have been developed.
‘ The well locations were selected to intercept ground water in areas where potential
contamination might be expected. Well locations are-near holding ponds, evaporation
ponds, and cre"eifc;"beds;. Monitoring wells in the buffer zene surrounding the RFP have also
been developed, fand* in no case has plutonium above ‘background levels been detected.
This suggests soif/éediment is a good‘rnediﬁm for removing plutonium from an aqueous
media. Although data are not available conceming plutonium transport from Standley Lake
surface water/sediments to ground water, it can be inferred that this pathway is not
plausible. Therefore, since surface water, ground water, and tap water are not release
mechanisms for plutonium tranSport in the environment, the following pathways can be
discounted for Standley Lake in this qualitative risk assessment:
Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition
Surface Water — Irrigation

Surface Water — Infiltration
. Surface Water — Fugitive dust wind erosion
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Ground Water — Seepage
Ground Water — Pumpage

4.8.2.2 Reservoir Sediments

Plutonium concentrations in Standley Lake sediments are much lower than those found at
Great Western Reservoir. However, this conclusion is based on*Iiihited sampling data.
This source of release to the environment will remain as a potentlal pathway in the
qualitative risk assessment since it is possible that lake levels will‘decrease, exposing
sediments potentially containing plutonium. These sediments could then create fugitive

dust through wind erosion.

4.8.2.3 Air |

No credible scenario exists that could pfodﬁ)‘c‘:ewan exposure pathway from wind stripping
of the surface water. As stated previousl‘y',’:: routine water quality monitoring at Standley
Lake indicates that reservoir ‘water is not s1gn1f1cantly impacted by plutonium. Therefore,
the following pathway can be discounted for Standley Lake in' th1s qualitative risk

assessment:

Wi'nd Stripping of Water -—) Air

4.82.4 Biota

Since Standley Léké isusedasa recreation’alresource for fishing, the Colorado Department
of Health analyzed edible fish tissue coilc'ctye‘d from the lake for the presence of plutonium
(CDH, 1990c). Bottom feeders, mid-level and surface predator fish were captured, and in
all cases, plutonium concentrétiens in tissue from all species of fish sampled were at or
below the lower limit of detection for this analysis. Since fish represent the highest level
of organisms w1thm the food chain in Standley Lake (excluding fish-eating birds and
humans), this lack of plutomum indicates that bioconcentration of plutonium is not moving

up the food chain at ‘Standley Lake.
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'4.8.3 Mower Reservoir

Very little documentation exists for Mower Reservoir. The reservoir is used for
agricultural purposes and has restricted public access. No recreational use of the reservoir
is known to exist. Because it is fed by a diversion from Woman Creek, this reservoir may
have been affected by the surface water contaminants believed to have contributed to
plutonium levels in Standley Lake sediments (Section 2.2). Plutpﬁiﬁm from contaminated
soils around the reservoir (IHSS 199) may impact Mower Reser?{'oii‘,f;but because current
plutonium levels are so low at IHSS 199, it is believed that any future impact will be
negligible. It has been speculated that concentrations.o‘f fadionuclides in Mower Reservoir
sediments should not exceed levels measured in Great-Western Reservoir and Standley
Lake. Therefore, the same description of possible pathWays and their exclusion from the

risk model will be restated here.

4.8.3.1 Surface Water/Tap Water/Ground:fWater

No information is available .concerning plutonium concentrations in Mower Reservoir

water. It is assumed for pfi.:lrpdsg:s;nof this risk assessment that the §atri1e' processes which
hold plutonium in bottom sedimehts and prevent contamination of reservoir water in
Standley Lake and Great Weétern Reservoir also oceu,r“in Mower Reservoir. Mower
Reservoir is not used as a source of drinking water, so cannot impact human receptors
through consurhétion of tap water. The following pathways can therefore be discounted

for Mower Reservoir in this qualitative risk assessment:

Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition
Surface Water — Irrigation
S Surface Water — Infiltration
'/ Surface Water — Fugitive dust wind erosion
Ground Water — Seepage
Ground Water — Pumpage

4.8.3.2 Reservoir Sediments

No information is available concerning plutonium concentrations in Mower Reservoir

sediments. It is possible that reservoir levels will decrease, exposing sediments potentially
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containing plutonium. These sediments could then create fugitive dust through wind
erosion. Since plutonium concentrations in these sediments are potentially similar to those
found in Great Western Reservoir or Standley Lake, the reservoir sediment/air pathway will

remain as a potential pathway in the qualitative risk assessment.

4.8.3.3 Air , :

As stated in Section 4.8.3.1, it is assumed that the same Iyiyro‘C'Qfs‘ses which prevent
contamination of reservoir water in Standley Lake and Great Western lkiyeservoir also occur
in Mower Reservoir. It is considered highly unlikely,‘kthkat Mower Reservoir water could
contain significant amounts of plutonium-contaminated s;ispended solids available for wind
stripping from the reservoir surface. Therefore, the foildwing pathway can be discounted

for Mower Reservoir in this qualitative risk assessment:

Wind Stripping of Water — Air

4.9 POPULATIONS AT RISK OF EXPOSURE

In a quantitative risk assessmcnt all media-specific pathways would be quantlfled as to the

potential exposure, and then applied to all types of populations. Commercial, residential,
and recreational-use of the land changes the type and:durdtion of each of these exposure

pathways, and. gxcafiy affects the numerical result of the risk assessment.

The inherent unceyrtainty of a qualitative 'ritsk assessment does not lend itself to this type
of detail when examining populations at riskahd various land use scenarios. The source,
pathway analyses and release mechanisms ihdicate airborne inhalation of fugitive dust is
the only significant potential (p'athway from sites 200-202. The population distributions
(residential) of the 0-5 mile (0-8 kilbmeter) and 10-50 mile (16-80 kilometer) radius sectors
from the center of"th‘q:,:RFP are provided in Figures 4-2 and 4-3, respectively, with wind
rose overlays 1ndlcat1ng measured wind directions, speeds and frequencies. The wind rose
shows that the prevaleht wind direction is to the east, east-southeast and south-southeast.
Typical wind speeds range from 10-50 ft/sec (3-15 m/sec), with infrequent continuous
speeds above 50 ft/sec (15 m/sec).
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It is extremely difficult to provide any meaningful description of the populations at risk
of exposure in a qualitative risk assessment. The wind rose/populaﬁon descriptions
presented in Figures 4-2 and 4-3 provide some indication of the magnitude of potential
exposure. A trend in quantitative risk assessment is to measure the concentration of a
contaminant of concern in all media sources, and then model exposure at the receptor point
using maximum credible scenarios. All pathways described in this report could be assigned
a numerical concentration value, and committed effective devse;{equivalent from the
plutonium present at sites 200-202 could be calculated. Population committed effective

dose could also be calculated by sector using this model.

4.10 UNCERTAINTIES IN THE RISK EVALUATIOVN‘«“

The procedures and inputs used to assess‘potential human health and environmental risks

in this and most such evaluations are subjeet to-a wide variety of uncertainties. The five

main sources of uncertainty are the follovs)ilig:

« Inadequate sample population

« Sampling and analytical methods

- Fate and transport modeling

Exposure estimation -

Tox1cologlca1 data and dose response extrapolauon

Errors associated with sampling and analysis include inherent errors in laboratory analysis,
representativeness of the samples, sampling errors, and heterogeneity of the sample matrix.
Although QA/QC programs serve to reduCethese errors, they cannot eliminate all errors

associated with sampling and analysis.

Toxicological data errors are pfbbably the largest source of uncertainty. The EPA noted

this in its guidelinesyffor carcinogenic risk assessment:

"There are major uncertainties in extrapolating both from animals to humans and
from high to low doses. There are important species differences in uptake,
metabolism, and organ distribution of carcinogens, as well as species and strain
differences in large site susceptibility. Human populations are variable with
respect to geographic constitution, diet, occupational and home environment,
activity patterns and other cultural factors" (EPA, 1986).
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The estimation of exposure requires numerous assumptions to describe the potential
exposure situations. There are a number of uncertainties regarding the fate and transport
of plutonium, the likelihood of exposure, the frequency of contact with contaminated
media, the concentration of constituents at exposure points, and the time period of
exposure. These assumptions tend to oversimplify actual site conditions. There are
inherent uncertainties in determining the intake value when comb“iﬁed with toxicological
information, to assess risk. In this qualitative assessment, s’pec‘iﬁj’c ’assumptions with
standardized values were used. The major assumptions used in this assessment are as

follows:
« Constituent concentrations remain constant over the exposure period
¢ Exposure remains constant over time

» Average concentrations of constltuents detected are reasonable estimates of exposure
at the exposure point

» Exposed populations remam constant over the exposure penod

* No dilution factor for the contaminants is offered, and they are available for
100 percent blouptake

* Risks are-additive.

Table 4.2 qualita~ti've1y describes the general assumptioris used in the risk assessment, and

the effects of each on the risk assessment;-.

4.11 DATA NEEDS

It is evident that sufficient vatliti‘ated field data are lacking to perform a quantative risk
assessment of THSSs 200-202. The following quantitative information would greatly
increase the accur_aéy,y‘é)f any future risk assessment. Many of the data needs listed below
have been acquiredafc‘;,rthe holding ponds and meteorological conditions at the RFP site;
the applicability of the existing data to sites 200-202, however, has not been evaluated, and
much of the existing data have not been validated. The first step in the data acquisition
process, therefore, should be to evaluate the applicability of existing environmental data
from the RFP to sites 200-202.
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4.11.1 Physical Parameters of the Site
Sediment parameters such as particle size, determination of sediment particle size fraction

with which plutonium is associated, organic content, and bulk density should be
determined. Meteorological parameters such as the frequency distribution of windspeed,
direction and annual stability class should be collected. Maximurf;l "ctredible sediment and
meteorological conditions (i.e., those conditions at each site most condpcive to plutonium

transport) should be identified and calculated.

4.11.2 Radiological Characterization

The distribution and magnitude of all plutonium and americium concentrations in sediments
at all three reservoirs should be deterrnmed Sediment sampling should be conducted at
Mower Reservoir to characterize the sedlment column and assess the impact of past RFP
releases on the reservoir. Sediment samples should be collected at Great Western
Reservoir and Standley Lake A standardlzed sampling procedure. should be developed for
the quantitative risk assessment Additional sediment cores shou,ld be collected to
determine the vertical mlgrauon of plutonium in the sediment column Data collection
should focus on those areas most likely to be exposed to drymg and possible fugltlve dust

generation from sedlments (i.e., shallow, near-shore areas)
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Over thirty documents detailing studies of sites 200-202 were reviewed in preparing this
report. These studies address different aspects of the sites and have been conducted using
markedly different techniques. While this inconsistency in approach and technique has
limited the usefulness of the collective data relative to IAG requiréments, the following
conclusions can be drawn from the body of available information férir:sites 200-202:
» The concentrations of plutonium in the sediments in areas of highest exposure
potential (i.e., near-shore areas) of Great Western Reservoir and Standley Lake are
above background, but are below the CDH guideline for plutonium in soil of 0.9

picocurie per gram (pCi/g) (0.03 becquerel per gram (Bq/g)). The data supporting
this conclusion, however, have not been validated.

¢ No data have been collected to assess.plutonium concentrations in Mower Reservoir
sediments. Because general site conditions and contaminant sources for Mower
Reservoir appear similar to those for Great Western Reservoir and Standley Lake,
it is expected that Mower Rescrvoir sediment plutonium concentrations are not
significantly different than those in Great Western Reservoir and Standley Lake.

o Of the ten potcntial‘ exposure pathways identified for the reservoirs, the airborne
pathway from reentrainment of exposed sediments is the only credible pathway that
will convey plutonium to human receptors from sites 200-202.

. Airbornci5plﬁtonium concentrations measured by air monitors downwind of sites 200-
202 have remained well below the 0.02 pCi/m® (0.0007 Bg/m®) standard set by
CDH. _

* Residential tap water derived from Standley Lake and Great Western Reservoir is
routinely analyzed for plutonium.. ‘Results consistently indicate that plutonium
concentrations are well below CDH drinking water standards.

 Plutonium is strongly aderbed to the clay-rich sediments typical in impoundments
near the RFP. Studies have shown that plutonium in the reservoir sediment columns
is effectively immobilized.

While the available'dgta for sites 200-202 point to the above conclusions, they are not
sufficient to support a quantitative risk assessment. To confirm these conclusions with
quantitative data, it is recommended that additional site data, including meteorological
parameters and sediment and air samples be collected. Further sediment sampling should

be performed to confirm conclusions concerning plutonium concentrations and mobility in
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sediments at sites 200-202. A quantitative risk assessment can then be performed to
’ quantify the human health risks associated with the three reservoirs. These data collection

activities should be integrated into future Remedial Investigation activities.

RFPamo.200 60 11/05/90



6.0 BIBLIOGRAPHY AND LIST OF REFERENCES

References cited in preceding sections are identified in the following list with a bold-type reference label.

Allard, et al,, 1983: B. Allard and J. Rydberg, "Behavior of Plutonium in Natural
Waters," in W.T. Carnall and G.B. Choppin, Plutonium Chemistry, American Chemical
Society, Washington, D.C., ACS Symposium Series 216, 1983. .~

ANL, 1986: Argonne National Laboratory, "Environmental Researclf‘Division Technical
Progress Report, January 1984 - December 1985," ANL-86-15, 1986.

Battelle, 1974: Battelle Northwest Laboratories;A}"Radionuclide Concentrations in
Reservoirs, Streams and Domestic Waters Near the Rocky Flats Installation," 1974.

Broomfield, 1990: City of Broomfield Public Works Depa:rtment, personal communication.

CDH, 1990a: Colorado Department of Health "Classifications and Standards for South
Platte River Basin Downstream of the Rocky Flats Plant," 3.8.0 (5 CCR 1002-8), 30 March
1990 (effective date).

CDH, 1990b: Colorado Department of Health Hazardous Matenals Sectlon, personal
communication. cor L

CDH, 1990c: Colorado Department of Health, "Standley Lake F1sh Toxics Monitoring
Report," January 1990 :

CDH, 1989: Colorado Department of Health, "Mun1c1pal Samphng," 3907E/1554E, 22
June 1989 (notes on'municipal water supply sampling programs by the Cities of Thornton,
Northglenn, Westmmster and Broomfield; Colorado, prepared by CDH and presented to
these cities in a monthly information exchange meeting).

Chamberlain, 1970: J. Chamberlain, "Intereeﬁtion and Retention of Radioactive Aerosols
by Vegetation," in Atmospheric Environment, Vol. 4, pp. 57-58, 1970.

Corps of Engineers, 1989: United States Army Corps of Engineers, "Review of Pre-
Feasibility Study, Great Western Reservoir Surface Water Interceptor System," 1989.

CSM, 1990: Colorado-School of Mines, "** %Py, '*’Cs and *°Pb Distributions in Colorado
Front Range Lake Sedlments," prepared for Rocky Flats Plant, Rockwell International and
EG&G Rocky Flats, Inc., by R.H. Cohen, D.M. Gilbert and H.A. Wolaver, Environmental
Sciences Department, Golden, Colorado, 7 May 1990.

CSM, 1988: Colorado School of Mines, "Radionuclide Limnochronology and Background
Levels of Plutonium in Front Range Lakes," research proposal submitted to George Setlock,
Rockwell International, by Environmental Sciences Department, Golden, Colorado, CSM
Proposal No. 2749, 1988.

RFPamo.200 61 11/05190



CSU, 1974: Colorado State University, "The Study of Plutonium in Aquatic Systems of
the Rocky Flats Environs," prepared by J.E. Johnson, S. Svalberg and D. Paine, Department
of Animal Sciences and Department of Radiology and Radiation Biology, Fort Collins,
Colorado, for Dow Chemical Company, Rocky Flats Division, Contract No. 41493-F, June
1974.

DOE, 1990: United States Department of Energy, "Radiation Protection of the Public and
the Environment," U.S. DOE Order 5400.5, 8 February 1990. '

DOE, 1988: United States Department of Energy, "Health Physzcs Manual of Good
Practices for Plutonium Facilities," PNL-6534, UC-41, prepared by Battelle Pacific
Northwest Laboratories, May, 1988.

DOE, 1987: United States Department of Energy,’!'fRCRA Part B Operating Permit
Application for U.S. DOE-Rocky Flats Plant, Hazardous and Radioactive Mixed Wastes,"
C07890010526, Revision No. 1, 15 December 1987. =

DOE, 1986: United States Department “of Energy, "Comprehensive Environmental
Assessment and Response Program, Phase 1: Installatlon Assessment, Rocky Flats Plant,"
Albuquerque Operations Office, Env1ronment Safety and Health Division, Environmental
Programs Branch, Los Alamos National Laboratory, April 1986

DOE, 1980: United States Department of Energy, "Final Env1ronrnenta,1 Impact Statement:
Rocky Flats Plant Site, Golden Jefferson County, Colorado," Washmgton D.C.,U.S. DOE
Report DOE/EIS-0064, 1980 N

DOE, 1978: United States Department of Energy, "Time Pattern of Off-Site Plutonium
Contamination from Rocky Flats Plant by Lake Sediment-Analyses," by E.P. Hardy, H.D.
Livingston, J.C, Burke and H.L. Volchok, U. S DOE Environmental Quarterly Report, EML
342, 1 July 1978 ;

Dow, 1974: Dow Chemical USA, "Survey of Reservoir Sediments," by K.K. Kunert and
G.J. Werkema, Environmental Sciences and: Waste Control Service, Report No. 317-74-127,
23 August 1974.

Dow, 1973: Dow Chemical USA, "A Survey of Plutonium Contamination Released to the
Sanitary Sewer System " by M.R. Boss, HPR-317390-111, 30 November 1973.

Dow, 1972: Dow Chemlcal USA, "Soil Sampling East of Indiana Avenue," by R.W. Loser
and R.L. Tibbals, Preduct and Health Physics Research Service Report No. 317-72-186, 28
November 1972.

EG&G, 1990: EG&G Energy Measurements Group, "An Aerial Radiological Survey of

the United States Department of Energy’s Rocky Flats Plant and Surrounding Area, Golden,
Colorado," EGG-10617-1044, UC-702, May 1990 (date of survey: July 1989).

RFPamo.200 62 11/05/90



EG&G Rocky Flats, Inc., "Ground-Water Assessment Plan Addendum," U.S. Department
of Energy Rocky Flats Plant, Golden, Colorado, draft, May 1990.

EG&G Rocky Flats, Inc., "1989 Annual RCRA Ground Water Monitoring Report for
Regulated Units at Rocky Flats Plant," Vol. I and II, 1 March 1990.

EPA, 1990: United States Environmental Protection Agency, "Health Effects Assessment
Summary Tables," Office of Emergency and Remedial Response, 9200 6-303 (90-1/2),
OSWER (0S-230), ORD (RD-689), January/April 1990. N,

EPA, 1989a: United States Environmental Protection Agency, "Federal Fac111ty Agreement
and Consent Order," draft, December 1989. :

EPA, 1989b: United States Environmental Protection. &gency, "Risk Assessment Guidance
for Superfund,” Office of Emergency and Remedial Response, Washington, D.C., OSWER
Directive 9285.7-01a, 29 September 1989.

EPA, 1989c: United States Environmentaltﬁfotection Agency, "CERCLA Compliance With
Other Laws Manual, Draft Guidance," Office of Emergency and Remedial Response,
Washington, D.C., OSWER Directive 9234 1 01, 8 August 1988.

United States Environmental Protection Agency, "Superfund Exposure Assessment Manual,"
Office of Emergency and- Remedlal Response, Washington, D. C OSWER Directive
9285.5-1, EPA/540/1-88/001, Apnl 1988. ’

EPA, 1986: United States Env1ronmental Protection:"Agency, "Superfund Public Health
Evaluation Manual;" EPA 540/1-86/060, OSWER Direéftive«9285.4-1, October 1986.

EPA, 1975: Unxted States Environmental Protection "Akgency, '"Plutonium Levels in the
Sediment of Area Impoundments Environs of the Rocky Flats Plutonium Plant - Colorado,"
Pb-255 572, February 1975.

EPA, 1974: United States Environmentnlz:Pijetéetion Agency, "Investigative Report of the
1973 Tritium Release at the Rocky Flats Plant in Golden, Colorado," U.S. EPA, Region
VIII, Radiation/Noise Control?Branch, Hazardous Materials Control Division, July 1974.

EPA, 1973: United States Envirenmental Protection Agency, "Radioactivity Levels in the
Environs of the Rocky Flats Plutonium Plant, Colorado," U.S. EPA, Region VIII, Technical
Investigations Braneh"; Surveillance and Analysis Division, Part II, 15 December 1973.

Farmers, 1990: TheiiFarmers Reservoir and Irrigation Company, Brighton, Colorado,
personal communication.

Ham, 1989: G.J. Ham, "The Distribution of *’Cs, Pu and Am in Sheep," in The Science
of the Total Environment, Vol. 85, pp. 235-244, 1989.

RFPamo.200 63 11/05/90



Hydro-Search, Inc., "Hydrogeologic Characterization of the Rocky Flats Plant, Golden,
Colorado," prepared for Rockwell International, Project No. 1520, 9 December 1985.

Hydro-Triad, 1982: Hydro-Triad, Ltd., "Geology of the Standley Lake Area, Jefferson
County, Colorado," prepared for Hydro-Triad by C.S. Robinson, Mineral Systems, Inc.,
July 1982.

Hydro-Triad Ltd., ”Hydrology Study and Proposed Spillway, Great Western Dam and
Reservoir," prepared for City of Broomfield, September 1982, .~ - *

Hydro-Triad, 1981: Hydro-Triad, Ltd., "Phase I Inspection Report, National Dam Safety
Program, Great Western Reservoir Dam, Jefferson County, Colorado, Owned by the City
of Broomfield, Identification Number CO 00091, Water-Division 1," prepared for Colorado
Division of Water Resources and U.S. Army Corps of Engmeers, Omaha, Nebraska, Final
Report, April 1981.

ICRP, 1986: International Commission.-on Radiation Protection, "The Metabolism of
Plutonium and Related Elements," ICRP ”Pub”lication 48, Pergamon Press, Oxford, 1988.

ICRP, 1980: International Comrmssmn on Radlanon Protection, "Biological Effects of
Inhaled Radionuclides," ICRP Pubhcatlon 31, Pergamon Press, Qxford 1980.

ICRP, 1979:; Internatlonal Comrmssmn on Radiation Protectlon: "Limlts for Intakes of
Radionuclides by Workers," ICRP Publication 30, Pergamon Press, ‘Oxford, 1979-1988.

Krey and Hardy, 1970: P. W Krey and E.P. Hardy, "Plutomum in Soil Around the Rocky
Flats Plant," U,S. Atomic Energy Commission Health and Safety Laboratory, New York,
Report No. HASL 235 1 August 1970. L

Krey, P.W,, "Remote Plutonlum Contamlnatlon and Total Inventories From Rocky Flats,"
in Health Physics, Volume 30, pp. 209 - 214, February 1976.

Krey, P.W., and B.T. Krajewski, "Plutoni‘uﬁ) I‘s‘(’)toplc Ratios at Rocky Flats," U.S. Atomic
Energy Commission Health and Safety Laboratory, New York, Report No. HASL-249, 1
April 1972,

Mende, 1990: EI‘IC Mende EG&G Rocky Flats, Inc., Clean Water Group, personal
communication. b

Menzel, 1965: Ra.:(if-Menzel, "Soil-Plant Relationships with Radioactive Elements," in
Health Physics, Vol. 11, p. 1325, 1965.

Miller, 1990: Dennis Miller, Colorado State Engineer’s Office, personal communication.

RFPamo.200 64 11/05/90



NRC, 1988: National Research Council, "Health Risks of Radon and Other Internally
Deposited Alpha-Emitters," Committee on the Biological Effects of Ionizing Radiation
(BIER 1V), Board on Radiation Effects Research, Commission on Life Sciences,
Washington, D.C.: National Academy Press, 1988.

Penrose et al., 1990: W.R. Penrose, W.L. Polzer, E.H. Essington, D.M. Nelson and K.A.
Orlandini, "Mobility of Plutonium and Americium Through a Shallow Aquifer in a
Semiarid Region," in Environmental Science Technology, Vol. 24,/No. 2, pp. 228-234,
1990.

Rockwell, 1989: Rockwell International, "Rocky Flats Plant Site Eﬁw}ironmental Report
for 1988, January through December 1988," RFP- ENV 88, Environmental Management
Section, 1989. g

Rockwell International, "Background Geochemical Chgiracterization Report," U.S. DOE
Rocky Flats Plant, Golden, Colorado, draft, 15 December 1989.

Rockwell, 1988a: Rockwell Internauoriél” “Resource Conservation and Recovery Act,
Post-Closure Care Permit Application, for.U,S: DOE-Rocky Flats Plant, Hazardous &
Radioactive Mixed Wastes, CO7890010526 " 5 October 1988.

Rockwell, 1988b: Rockwell International, "Remed1a1 Invesngatkin and Feasibility Study
Plans for Low-Priority Sltes (. U.S.DOE Rocky Flats Plant, Golden, Colorado, draft, 1 June
1988. , ; ;

Rockwell International, Internél‘ietter to K.B. McKinlg;y,‘ RCRA/CERCLA Programs, from
F.D. Hobbs, Environmental Management, subject: Request for Information on Offsite
Activities, 5 May 1988 T

Rockwell, 1987 Rockwell International, "Remedial Actlon Program on Jefferson County
Open Space Land in Section 7, T2S R69W, South of Great Western Reservoir," prepared
by C.T. Illsley, Rocky Flats Plant, Report No EAC 420-87-1, 15 January 1987.

Rockwell, 1986a: Rockwell International, "Rocky Flats Plant Radioecology and Airborne
Pathway Summary Report,” prepared by F.J. Blaha and G.H. Setlock, Environmental
Management, 19 December 1986."

Rockwell, 1986b: Rockwell International, "RCRA 3004(u) Waste Management Units,
Volume I," COD078343407, 17 October 1986.

Rockwell Intematioﬁal,, "Work Plan, Geological and Hydrological Site Characterization,"
U.S. Department of Energy, Rocky Flats Plant, Golden, Colorado, draft, 21 July 1986.

Rockwell, 1985a: Rockwell International, "Soil Sample Collection and Analysis for

Plutonium on Lands Adjacent to Great Western Reservoir for the City of Broomfield," by
C.T. Illsley, EAC-417-85-1, 10 April 1985.

RFPamo.200 65 11105190



Rockwell, 1985b: Rockwell International, letter to J.R. Nicks, Area Manager, DOE,
RFAO, from G.W. Campbell, Rocky Flats Plant HS&E, subject: Great Western Reservoir
Sediment Cores, with attached Great Western Reservoir Sediment Core Data/Graphs and
Great Western Reservoir Study, 85-RF-0457, 14 February 1985.

Rockwell International, "Rocky Flats Risk Assessment Guide," prepared by Safety Analysis
Engineering, March 1985.

Rockwell International, "Soil Sample Collection and Analysis'i,’forleutonium on Lands
Adjacent to Great Western Reservoir for the City of Broomfield," prepared by C.T. Illsley,
Rocky Flats Plant, Golden, Colorado, EAC-417-8501, 10 April 1985."

Rockwell, 1984: Rockwell International, "Standley Lake Sediment Study," by G. Setlock
and M. Paricio, Rocky Flats Plant HS&E Env1ronmenta1 Ana1y51s and Control, September,
1984. 4

Rockwell International, "General Sediment Sampling Program Proposed Off-Site Sampling
Activities," by G.H. Setlock, HS&E Systems Development Group, June 1983.

Rockwell, 1981: Rockwell Internatlonal, "Hrstory and Evaluation of Regional
Radionuclide Water Monitoring and Analysis at the Rocky Flats Installation," by D.L.
Bokowski, R.L. Henry and D.C. Hunt, Rocky Flats Plant, Energy Systems Group, RFP-
3019, UC-11, DOE/TIC- 4500 (Rev1s1on 68), 21 February 1981. :

Rockwell, 1980: Rockwell Internatronal "Great Western Reservoir Spillway Sampling
Program, Phase II Report," by J.D. Hurley, Envrronmental Sciences, Rocky Flats Plant,
Energy Systems Group, ES-376-80-215, 6 August 1980

Rockwell, 1979a Rockwell International, "Great Western Reservoir Spillway Sampling
Program, Phase I Report " by J.D. Hurley, Environmental Sciences, Rocky Flats Plant,
Energy Systems Group, 2 May 1979.

Rockwell, 1979b: Rockwell Internationai;f: 'k‘vPl;utonium Concentrations in Soil on Lands
Adjacent to the Rocky Flats Plant," by C.T. Illsley and M.W. Hume, Energy Systems
Group, LPR-1, 16 March 1979. "

Rockwell, 1977: Rockwell Internétional, "Results of Analyses for Special Soil Samples
Collected Adjacent to the Rocky Flats Plant Site," by C.T. Illsley, Environmental Analysis
and Control, ES-376-77-201, 7 September 1977.

Thompson, 1975: MA Thompson, "Plutonium in the Aquatic Environment Around the
Rocky Flats Plant,” Dow Chemical Company, Rocky Flats Division, Golden, Colorado,
IAEA-SM-198/38, 1975.

Thompson, 1973: Thompson, M.A., "Interim Report on Sampling and Analysis of
Sediments and Cores from Great Western and Standley Reservoirs,”" PHPR 317380-151, 20
December 1973.

RFPamo.200 66 11/05/90



USGS, 1980: United States Geological Survey 7.5 Minute Series topographic maps: .
. Arvada, Colorado; Golden, Colorado; Lafayette, Colorado; Louisville, Colorado; revised
1980.

USGS, 1976: United States Geological Survey, "Hydrology of a Nuclear-Processing Plant
Site, Rocky Flats, Jefferson County, Colorado,” by R.T. Hurr, Open-File Report 76-268,
March 1976.

Wick, 1967: O.J. Wick, "Plutonium Handbook: A Guide to the. Technology," Gordon &
Beach, Science Publishers, Inc., New York, New York, 1967. 5

RFPamo.200 67 11105190



TABLE 2.1
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT

. The following table is keyed to the Bibliography and List of References in Section 6.0.
GREAT WESTERN RESERVOIR
Data Source Nature‘ of Data

Battelle, 1974 | Plutonium and americium concentrations measﬁre“dy in 1974 in Great
Western Reservoir and Walnut Creek sediments, and in Broomfield
tap water

Dow, 1973b Summary of RFP sanitary sewer releases possibly affecting the
Walnut Creek drainage within the RFP

CSU, 1974 Plutonium concentrations measured from 1971 - 1974 in Great
Western Reservoir sediments

DOE, 1980 Comprehensive sumrnary of analytical data obtained prior to 1980
for Great Western Reservou‘ -and Walnut Creek water and
sediments

Dow, 1974 Summary of selected radronuchde concentrations measured in 1973
by EPA 4and CDH in Great Western Reservoir: sedlments

' EPA, 1975 Plutomum concentratlons measured in 1973 in Great Western
Reservoir sediments--also includes.. plutonium concentrations
measured in 1974 in sediments of several Front Range reservoirs

) f_”'jbeheved to be unaffected by releases from the RFP
EPA, 1974 " - Documentatlon of 1974 RFP tntrum release affecting Walnut Creek
* |-and Great Western Reservou'

EPA, 1973 Plutonium and uranium concentrations measured in 1970 in Great
Western Reservoir and Walnut Creek sediments and water (uranium
data for water only)

Rockwell, Summary of plutonium concentratlons in Great Western Reservoir

1988b sediments -

Rockwell, Summary of selected radionuclide concentrations in Great Western

1986a _Reservoir and Walnut Creek water, in municipal tap waters around

.the RFP, and in Great Western Reservoir sediments

Rockwell, P‘lutomum concentrations in surface soils north, west and south of

1985a Great Western Reservoir

Rockwell, Plutonium concentrations measured in 1983 in Great Western

1985b Reservoir sediments

‘ Rockwell, Plutonium concentrations in Great Western Reservoir water and tap

1981 water in communities around the RFP
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TABLE 2.1

DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT

(continued)

GREAT WESTERN RESERVOIR

Data Source

Nature of Data

Rockwell, Plutonium and americium concentrations in sedxments on the Great

1980 Western Reservoir spillway o

Rockwell, Plutonium and americium concentrations in sediments on the Great

1979 Western Reservoir spillway

Thompson, Summary of selected radionuclide ¢oncentrations measured by

1975 various agencies prior to 1975 in Great Western Reservoir, Walnut
Creek, and municipal tap waters around the RFP

Thompson, Summary of selected radionuclide concentrations measured in 1973

1973

by various agencies in;GijcdtWestern Reservoir sediments

. STANDLEY LAKE

Data Source

Nature of Data

Battelle, 1974

Plutonium and americium concentrations measured in 1974 from a

~s1nglc sediment core from Standley La.ke

CDH, 1990b,:*",}k‘ “Concentrations of selected radlonuchdes and nonradioactive
"] contaminants in various specws of fish collected from Standley
“|'Lake
DOE, 1980 'Comprehensi\ve summary of analytical data obtained prior to 1980
for Standley Lake and Woman Creek water and sediments
DOE, 1978 Cesium-137 and transuranic radionuclide concentrations measured
in 1976 from a single sediment core from Standley Lake
Dow, 1974 Summary of ””scilected radionuclide concentrations measured in 1973
by EPA and CDH in Standley Lake sediments
EPA, 1975 Plutonlum concentrations measured in 1973 in Standley Lake
sediments--also includes plutonium concentrations measured in
| 1974 in sediments of several Front Range reservoirs believed to be
unaffected by releases from the RFP
EPA, 1973 Plutonium and uranium concentrations measured in 1970 in
Standley Lake sediments and water (uranium data for water only)
Rockwell, | Summary of plutonium concentrations in Standley Lake sediments
1988b
RFPamo20.121 11/05190




TABLE 2.1
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT

‘ (continued)

STANDLEY LAKE

Data Source Nature of Data

Rockwell, Summary of selected radionuclide concentratéigbynfs‘ksin Standley Lake

1986a water and in municipal water supplies around the RFP, and
summary of plutonium concentrations in Standley Lake sediments.

Rockwell, Plutonium concentrations measured in 1984 in Standley Lake

1984 sediments Sy

Thompson, Summary of selected radionuclide concentrations measured in 1973

1973 by various agencies in Standley Lake sediments

MOWER RESERVOIR

Data Source : e ~ Nature of Data

Rockwell, 1987 ‘PlutOni;ixu:xl,'concentrations measured in 1977;“1:"9’854:and 1986 in
. surface soils-on lands adjoining Mower Reservoir

Rockwell, 1979b Plutonium concentrations measiited in 1976 and 1977 in
-] surface soils on lands adjoining Mower Reservoir

Dow, 1972 - | Plutonium concentrations measurcd in 1972 in surface soils
"} on lands adjoining Mower Reservoir

GENERAL DATA SOURCES

Data Source Nature of Data

CSM, 1990 Plutonium and cesium-137

| concentrations in two Front Range
reservoirs believed to be unaffected by
releases from the RFP--also includes
estimates of sedimentation rates for these
reservoirs

EG&G, 1990 Aerial radiological survey of the RFP
environs, including Great Western
Reservior, Standley Lake and Mower

‘ Reservoir
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TABLE 2.1

DATA SOURCES, SITES 200 -

202, ROCKY FLATS PLANT

{continued)

GENERAL DATA SOURCES

Data Source

Nature of Data

"Environmental Surveillance Report on
the U.S. Department of Energy’s Rocky
Flats Plant" (published monthly by the
Colorado Department of Health and
presented at monthly information
exchange meetings)

Summaries of reservoir and drainage
water quality monitoring data and air
quality monitoring data collected in the
environs of the RFP during the current
month -~

"Rocky Flats Plant Monthly
Environmental Monitoring Report"
(published monthly by EG&G Rocky
Flats, Inc.)

"] quality monitoring data collected in the
. | environs of the RFP during the current
‘| month

Summariés of reservoir and drainage
water quality monitoring data and air

"Rocky Flats Plant Site Environmental
Report" (published annually since 1971
by EG&G Rocky Flats, Inc. and. their
predecessors; known prior to 1988 as
"Annual Environmental Momtonng
Report”)

¥ Summaries of all environmental

investigations and 'momtormg conducted
on and around the RFP dunng the
current year

"Annual RCRA“Gibund-Water
Monitoring Report for Regulated Units at
Rocky Flats Plant" (published annually :

by EG&G Rocky Flats, Inc.)

| REFP

Summaries of ground water monitoring
data from RCRA regulated units at the

RFPamo020.121
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

Assumption

Effect on Risk

May Over-
Estimate Risk

May Under- '
Estimate RlSk

May Over/
Under-
Estimate Risk

Environmental Sampling and Analysis

Sufficient samples may not
have been taken to characterize
the matrices being evaluated.

Moderate

Systematic or random errors in
the radiochemical analyses may
yield erroneous data.

Low

Plutonium concentrations
reported as "below method
detection limit" are considcred
to be a non-detect data pomt

Low

The quahtatlvc public health
evaluation is based on the
chemical of concern (Pu) only.
This may represent a subset of
the radlonuchdes possxble at
the site. '

" Moderate

The standard assumptions
regarding body weight, penod
exposed, life expectancy, <
population characteristics, and
lifestyle may not be ‘
representative for any actual
exposure situation,”

Exposure Parameter Estimation

Moderate

The amount of mcdla intake is
assumed to be constant and
representative of the exposed

population. Moderate
Exposure to contaminants

remains constant over exposure

period. Moderate

RFPamo20.t42
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

(continued)

Assumption

May Over-
Estimate Risk

Effect on Risk -

May Under- M)

Estimate Risk

—

May Over/
Under-
Estimate Risk

Concentration of contaminants
remains constant Over exposure

period. High
All plutonium is available for

inhalation in respirable-size N
particles. ‘High

For most contaminants all
intake is assumed to come from
the medium being evaluated. .
This does not take into account.
other contaminant sources.such:.-
as diet, exposures occurring. at
locations other than the
exposure point being evaluated,
or other environmental media
which may contribute to the
intake of the chemical (i.e.,
relative source contribution is
not accounted for).

Moderate

Environmental Parameter Measurement

Food does not contribute to *

plutonium uptake. Moderate
Dermal absorption of

pluronium from.soil is

negligible. y Low

T

oxicological Data

Risks are assumed to be
additive. Risks may not be
additive because of synergistic
or antagonistic actions or other

chemicals.

Moderate

RFPamo20.t42
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

(continued)

Assumption

Effect on Risk '

May Over-
Estimate Risk

May Under- |’

Estimate Risk

May Over/
% Under-
" Estimate Risk

Assumes absorption is
equivalent across species. This
is implicit in the derivation of
the acceptable intakes or cancer
slope factors in this assessment.

Low

Extrapolation of toxicity data
from species to species, and
from laboratory animals to

animals in the field.

Moderate
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